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EXTRACTS FROM THE PREFACE TO THE 
ENGLISH EDITION. 



Toe Tolume of whicTi tte following pagen are a traQalalion, 
nfl3 been adopted by the UnheTsity Commimon at Paris among 
tlieir prize hooi-ir, and Itaa readied an eigbfh edition. Perhaps 
these ^tB speak saffieiently in its fitTor j but as tranglator, and 
to Bome extent editor, I irieli to add my tGatimoay to the great 
charm as well as merit of the littlo work. I sat down to it, I 
mast own, with do Bpecia.1 predilcctiga in faygr of the subject 
us )i Boitable one for young people; but in the course of the 
labor liaT& become a thorough coarert to tlio autbor'6 liewa 
tbat BQCb a etudy— perhaps I ought to add, so pursued bb he has 
eo&bled it tg be— i# likely to prove a most useful aad most desir- 
able one. 

The prceiae ago at which the intefeat of a youug mind caa be 
turned towards this practical branch of natural hiatorj- is an 
open qnestioTi, and not -worth dispatiog ah-out. It may yary 
eyen in different indiriduala. The letters are addreaaed to a 
eliild — in the originaE even tu a little yiri— and most undoubt- 
edly, aa the book etandsy it ia fit for any child's perusal who can 
find amuBemcnt Initn pages: while to th« rather older readers, 
of whom I trust there will be a great many, I will yenture to aay 
that IhG advantaga they will gain in the subject haying been ao 
treated as to be brauglit withia the compfchcDSlvo And adapted 
to the tastes of a child, is pretty nearly incalculable. The quaint- 
beM and drollery of the illiwtr&tioim with -which difficult seieit- 
dfic facts arc set forth will provoke raiuiy a smile, no doubt, and 
in. aottic young people perhaps a tendency to feel themselyca 
treated luibtflt/di/ ; but if in the course of the babyish treatment 
they find themselvea almost unexpectedly hecouiJng masters of 
au amount of Talnahle information oa very difficult aabjecis, 
they will have nothing to complain nf. Let aneh young readen 

(8) 



4 PfiEPACE TO THE ENGLISH EOlTIOtl. 

latm lo even a popular Eacyclopffidia for an insight into any of 
the 8ii>'jecte of thu twcnlj-ciglit cliaptera of tLia volume — '^ The 
Heart," " The Lungs," ■" The Mtomach," " Atinospheric PresBure," 
^no fnatter TvLicli, imd aeo liow much tliey can UDilurstand of it 
without an amount of preliminary instraclion which woaki re- 
quire half-a-jear's study, and tliey wilL thy-n. linprougUy appre- 
ciate the quite marrelloua ingenuity and beautifiil sJrill willi 
which M, Mnc6 h&a licouglit tho great leading anatomical an/l 
phyiical fucts oChfe out of the ilcptlia of ecientiflc learning, and 
made them literally comprehensible hy a child. 

Tliore 13 one point (indepenrlent of the scientific teaehiug) and 
that, happily, the only really important one, in wliicTi tho Eug- 
lisli traaslator Iiaa had no change to make op desire. The relig- 
ious tcaciiins of tho hook h uo exception able, There is no 
strained intTotluctioii of the sullje^]t, hut there ia throughout the 
Tolumo an ackmiAvk'dgriafriit of the (JiDat Creator of t!iis mar- 
TcllouB wnri of the human fiame, of the daily and houi'ly grati- 
tude we owe to Iliro, and pf flic utter iropos.siljUitj of our trac- 
ing out half hiB wondeis, oTen in the things nearest to ouraensefl, 
and moat conatanllj aubject to oliserviiitioii, M. Macg will lielp, 
and not hinder the humility mth which the Chriatian natural- 
ist lifts one veil only to recogniBC another beyond, 

It will he aaSsfactory lo any one wTio may be inclined to won- 
der how (L lady can feel sure of having correctly translated the 
Tarloua acientific and anatomical atutemente contained in the 
volume, to know that the whole has been submitted to the care- 
ful reTiaion of a m.c<iicnl friend,, to whom I have reasoata ba 
very grateful for valuable e.tplanntiona and correetiona whenever 
tijey w-ere necessary, In the Bume way tho chapter on *■' Atm-oa- 
plieric Presaure," where, owing to the ditlejunce between French 
aad English weights and meagures, SCVCml altemtloos »f illufr 
tnitions, etc., had to be made, has received similar kind offices 
firom the hands of a competent mathetuaticioit. 



l&ielfifitUl, Jime, 1364. 



Maimj^et Qattt. 



NOTE TO THE AMEEIOAN EDITION. 



In May '06, tte scventecntli edition of tlda work waa on sala 
ill Paris. The ilatG of Mrs, Gatly's preface, it will be observed, 
is Ja-ae 'S4, and at ibat time, tlio cightU French edition only 
liad been reached. That it sTioiild be a popular book and com 
mand a largo Bale wLercvcr U ia known, will not surpriae any 
ono who reads it : the only remarlcablc cinjumstancQ about it h, 
that it should not ha-^-o beei Jepuhliahed heii Iwug ere thia. 
Even thia may probablj lie accounted for, on the suppositioQ 
that the title undelf wliich the tfanRlatior. was puLliallcd in Eng- 
land, TTna ho cnmeaniug — conveying not the slighteat idra of 
the contents of tho book— that none of our publisliera ovon vea- 
tUTul to hand it over to their "readcra" to esamiae. 

Tlie author's titlu, The Histanj af a MoutJi/id of BrmJ^vrhilB 
falling far short of giving n clear notion of the entire acopo of 
the work, is sliockingly diluted and meaniagless, when trans- 
lated Hit Uiittory of a Sit ofllread! 

To tbe translation of Mrs. Gatty, which is in the main an 
bZCellelit cae, for she has generally Beiz^d upon the idea of the 
author and rendered it with singular felicity, it may he very 
properly obJMtt'd tliat she has taken aomc liberties mtL the 
tcjst when there was aay conflict of opiuioa hetween lieraelf and 
her author, and has given Lcr avm idcaa instead of his, ^hich ia, 
probably, what ehe refers to when ahe cnlla heraeli' ''to soaae ex- 
tent editor." 

The reader ol this tdiLion will, in all these caaes, find tlna 
thought of "the author and not that of hia tranelator ; for thfl 
rcasnu that a corcfiil exaniinatiou of the ori^nal hoa convinced 
the publisher that in every instance the author was to be pio> 

[5) 



fl NOTE TO THE AHEBICAN EDITIOV. 

&r/ed to the translator, to say nothing of the right an SDt\or 
may have to be &ithfblly tranfilated. 

Beddea making these restorations, the copy &om which this 
edition was printed has been careMly compared with the last 
edition of the author and a vast number of corrections mad«, 
and in ite present shape it is respectfally snbmittod uid dedi- 
cated to erery one (whose name is l^on, of conrse) who nimi- 
bets among his young filrada a " mj/ dear child " to preBent it 
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MOUTHFTJL OF BREAD. 



LETTER I. 



IHTRODUCTION. 



I AM going to tell you, my dear child, something oi 
tlio life and nattire of men and animals, believing tLe 
infonaalion may bo of use to you iii after-life, besides 
being an amuBemient to you now. 

Of course, I shall have to explain to yon a groat many 
particulars which are generally considered very difficult 
to onderstand, and which are not always taught even to 
grown-np people. But if wc work together, and between 
ns succeed in getting them clearly into your Lead, ib 
will bo a great triamph to me, and you will find out 
that the science of learned men isi inore entertaining for 
little girls, as well as more comprebcnsible, tlian it h 
Bometimcs supposed to be. Moreover, you will be in 
ailvance of your years, aa it wore, and one day may bo 
astouisLed to iind that you had maRtcrcd in childhood, 
almost aa a mere amusement, somo of tho lirst priactplca 

[Anatomy, chemiatry, and serei'al othet of the pliyeical 
1* l,^^ 
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BciencGS, aa well as having attaiaed to some knowledge 
of natural Iiiatory generally. 

I "begin at oqcg, tbeii, ■witli the History of a MouJifuX 
of Bread, although I am aware you may be tempted to 
exclaim, that if I Jim going to talk only about tliat, I 
may Bave myself the trouhle. You know all about it, 
you say, as well aa I do, and need not surely he told 
how to chew a bit of bread-and-butter I "Well, but you 
must let me begin at the very beginniD^ with you, and 
you have no notion what an incredible number of facts 
will be found to bo connected with this chewing of a 
piece of bread. A big book might be written about 
them, were all the details to bo entered into. 

First and Ibreraost — Have you ever asked youraelf 
why people cat? 

You laugh at such a ridicnlooB question. 

"Why do people eat? Why, because there are bon- 
bona, and cakcg, and gingerbread, and eweetmeats, and 
fruit, and all manner of things good to eat." Very well, 
that is a very good reason, no doubt, and jou may think 
that no othei" is wanted. If there were nothing but 
soup iu the world, indeed, the case would he dilFerent. 
There might be some excuse then for making the ioquiry* 

Now, then, let u9 anppose for once that there is notli- 
iag in the world to cat but soup ; and it is true that 
there are plenty of poor little children for whom there 
ia nothing elae, but who go on eating neverthclcgi?, fln,d 
ritt a very good appetite, too, I assure you, aa their 
'parents know but too well very often. Why do people 
eat, then, CTcn ivhen they have nothing to eat but sonp? 
"his 13 what I am going to tell you, if you do not 

Sady know. 
tio other day, when your mamma aaid that your ii-ock 
oTOwn" too aliort, and that you could not go onl 
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Visiting till we Lad givea you another with longer 
sleeves and waist, whatwas the real cause of this neces- 
sity ? 

What a di'oll question, you say, and you answer — 
" Because I had grown, of course." 

To which I Bay " of conrsCy" too ; for undoubtedly 
it WQ3 yon who had outgrown your &ock. But then I 
moat j>u3li the question further, and ask — How had yoti 
grown? 

Now you are puzzled. Nobody had been to youi* bed 
and pulled out your arms or your legs aa you lay asleep. 
Nobody had pieced a bit on at the elbow or the knee, aa 
people slip in a, new leaf to a table when there is going 
to be a larger party thau usual at dinner. How waa it, 
then, that the sleeves no longer came down to yoor 
wriste, or that the body only reached your kneeg ? 
Nothing grows larger without being added to, any more 
than anything gets smaller without having lost aomo- 
thing ; you ma,y lay that down as a rnle, once for all. 
1£, tLerefore, nothing was added to you from without, 
something must have been added to you from withini 
Some sly goblin, aa it were, must have been Cramming 
into your frame whatever inCrCiiiSe it has made in ai'ins, 
legs, or anything else. And who, do you tliink, this sly 
goblin ia 1 

Why, my dear, it is i/oitrsdfJ 

Ay I Bethink you, now, of all the bread and-butter, 
and bonbong, and gingerbread, and cakes, and sweet- 
meats, and even soup and plain food (the soup and plain 
food being the most useful of all) which you have been 
sending, day by day, for eomc time past, down wJiat we 
used to call " the red lane,-" into t!ie little gulf below. 
What do yOQ think became of them when they got 
there t Wall, they get to work at once, without askiny 
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yonr leave, to transform tkemselves into sometliing else ; 
and gliding cunningly into all the holes and camera of 
your bodyf became there, each as iDcsthe tnighl;, bones, 
flesh, blood, etc., etc. Touch yoaraelf where jou will, 
it is upon these thingii you lay your Land, thoug^h, of 
course, -without recognizing tlicm, for the traa3fi>rma,- 
tion is perfect and oompleto. And it is the same with 
everybody. 

Look at yonr little pink nails, which push out fartlier 
and further every morning ; esamino the tips of your 
beautiful fair hair, which geta longer and longer by de- 
grees. ; coming out from your head as grasa sprioga up 
from "the earth ; feel the firm corncra of your second 
teeth, which are gradually succfjeding those which came 
to you in infancy ; you have eaten all these things, and 
rtiatno loug time ago. 

Nor arc you children the only ereaturea who are busy 
in this way. There is your kitten, for instance, who a 
few months ago was only a tiny bit of fur, but ia now 
turning gradually into a grown-up cat. It Is her daily 
food which ia daily becoming a cat inside her — her 
saucers of milk now, and very soon her mice, ail serve 
To the same end. 

The large ox, too, of whom you are ao much afraid, bc- 
causeyou cannot aa yet bc persuaded what a good-natured 
beast L(! really is, and how unlikely to do any harm to 
children who do none to liim — that large ox began life 
as a small calf, and it is the grass which be has been 
eating for some time past which has traaaformed him 
into the huge mas3 of flesh you now see, and which by 
and-by will bo eaten by man, to become man's flesh in 
the same manner. 

Bhi, further, still; Even the forest treea, wJiich grow 
BO high and spread 90 wide, were at first no bigger than 



IHTBOrUCTlON 



13 



yomr little finger, and all tEic grandeur and aize yoa now 
look upon, tLcy have taken in by the process of eating. 
" What, do ifeM eat ?" you aak. 

Terily, do they ; and they are, by no meana, the least 
greedy of eaters, for tbey eat day and night without 
eeaBing. Not, bs you may suppose, that they crunch, 
bonbons, or anything el:^e aa you do ; nor ia the process 
with them precisely the satao as with you. Yot yoa 
will be surprised hereafter, I assure yon, to iind how 
many pointa of regemblanco exiat between them and 
oa in this matter, But we will ppeak furlher of this 
prfeently. 

Now, I think you ciuat allow that there arc few fairy- 
tales more imrvcllous than tlijg history of bread and 
meat turning into little Loya and girls, milk and mice 
torning into eats, and grasa into oxen I And I call it 
a his(ory, observe, because it is a transformation that 
never happens suddenly, but by degrees, aa time 
goes on. 

Now, then, for the exidanation. You have heard, I 
dare say, of those wonderful epinning-machiucs 'whicli 
take ia at one end a mass of taw cotton, very like what 
you SM in wadding, imd give out at the other a roll of 
fine calico, all folded and paeked up ready to bo deliv- 
ered to the tradespeople. "Well, yon have within you, 
ft machine aven more ingenious than tliat, which re- 
ceives from you all the bread-and-butter and other 
sorts of food you chooso to put into it, and returns it 
\ia yon changed into the nails, hair, bonea and flesli we 
liave been talking about, and many other things besides , 
for there arc quantities of things in your body, all dif- 
ferent fi'om each other, which yoa are niaiiufactur ng in 
this manner all day long, without knowing anything 
about it. And a very fortunate thing this is for yon ; 
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for I do not tuow wliat would become of yon if yo'J 
had to be tliinking from morning to niglit of all tint 
roquirea to "bo done in your body^ aa jour mother has 
to loolc after and remember all that has to be done in 
the house. Just tliink ivbat a relief it ■would be to lier 
to possess a macliino wbicb ghouM swcop the rooms, 
cook tlie dinners, wash tho plates, mend tore clothes, 
and keep watch, over everythiag without giving lier 
any trouble ; and, moreover, make no more noise or 
fuss than yours docs, which has been working away 
ever since you were born without your ever ti-onbling 
Toar head about it, or probably CTCn knowing of its 
existence ! Just think of tliia and be ttiaukful. 

But do not fancy you are tho only po3SCS3or of a 
magical machine of this eort. Tonr kitten has one 
also, and the os we wero spenlnng of, and all other 
living creatures. And theirs render the same service to 
them that yours doea to you, and much in the same way ; 
for all theac machinca are made after one model, though 
with certain Tariationa adapted to tho diffcrGnccs in 
each animal. And, as you will see by-acd-by, these 
variations csaclly ooprespond with the different sort of 
work that has to be done in each particular case. I'or 
instance, where the machine has grass to act upon, as iu 
the OS, it is differently eonstrncted from that in the cat 
which has to deal with meat and mice. In tho same 
way in our manufactories, though all the spinaing-ma- 
chines are made upon one model, there ia one particular 
arrangemetit for those which spin cotton, another for 
those which spin wool, another for flax, and so on. 

But, further : 

You have possibly noticed already, without being 
told, that all animals are not of equal value ; or, at 
least, to use a better expression, they hare not all had 
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tlie same advaiittt.ge3 bestowed on them. TUe dog, for 
inafaacc, that lovinn; and intBlHgent companion, who 
almost reads your IhougMa ia your eyes, aad is aa affec- 
tionute and obedient to his master as it wcro to "ba 
wished all cLildrcu were to tlieir parents — tliis dog is, 
as yon ranst own, very Bnperior, in all ways, to the frog, 
with its lai'ge goggle eyes and clammy body, hiding i1> 
self in the water as soon aa yoii come u8ar it. But again, 
the frog, "whach can come and go as it likes, ia decidedly 
superior to the oyster, which has neither head nor Hmbg, 
and lives all aloiie, glued into a shell, in a aort of per- 
petual imprisonment. 

Now the machiDO I have been Idling yoa about is 
found iu the oyster and in tlie frog as well as ia the dog, 
only it 19 leas complicated, and thoi'cforH less perfect in 
the oyster than in the &og ; and less perfect again in 
the frog than in the dog ; for as wo descend in the scale 
of animala we find it becoming lc.=3 and lam elaborate — 
losing here one of ita parts, there another, but neverthe- 
less remaining pitill the same machino to all intents and 
purposes ; though I_iy the time it has readied Ita lowrat 
condition of structiiro we aliould hardly bo able to 
recognize it ngam, if we had not watched it tlirough all 
its gradations of form, and lacortcd it, aa it were, from 
stage to stage. 

Let me make this clear to you by a comparison. 

Ton know the lamp wliich is lit every evening on the 
drawing-room tabic, and around wliich you all assemble 
to work or read. Takeoff first the shade, which tltrowa 
the light on your book — llicn the gla3a whieh prCTCnts 
it smoking— til ca the little cliiuiney which holds tlio 
wigk aad drives the air into the flame to make it 
bum brightly. Then take away the screw, which sends 
the wick up and down ; indo the pieces one by one, no 
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til none romjiin liit tLose abaolutcly necessary to having 
a light at all — namelj, the receptacle for tto oil and the 
floating wick which consumes it, 

Now if any one ehonld come in and bear you say,, 
" Look at my lamp," what w&ald he reply ? He wouW 
most likely ask at once, " What lamp ?" — for there would 
he very little reBGmblanco to a lamp in that mere ghost 
of one bflfore him. 

But to you, who have eeen the JiCTcreiit parts remoTcd 
one after another, thatwickaoakcd in oil (let your friend 
shake his head abont it as he pleases) wilt still he the 
lamp to yott, liOwC^er divCStcd of touch that made it 
once so pei-feotj and however dimly it may phine in 
consequence. 

And this is exactly what happena when the machine 
we are dbcussing ia examined io the different gradea 
of animals. The ignoramus who has not followed it 
thronghite changes and reduetiona cannot recognize it 
when it ia presented to him in its lowebt condiUoit ; but 
any ono who has carefully observed it tlii-ou^hout, 
knows that it is, in point of fact, the earao machine 
a till. 

Tliis, then, ia what we are now going to look at to- 
gether, my dear little girl. We will Btady first, piece 
by piece, the esquiwite machine within oureelves, whicli 
is of snch unceasing use to us as long as we do rot give 
it more than a proper share of work to perform. Do 
you understand ? A'Vo will see what becomes of the 
mouthful of bread which you place bo coolly between 
your teeth, as if when that was done nothing farther re- 
mained to be thought about. Wo will trace it ia its 
jiaBsage through every part of the machine, from begio- 
ning to end. It will therefore be simply only the H^is- 
tori/ of a MimtJiful of Bread I am telling you, oven 
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wbile 1 sceia to be talking of other mattcra ; for to mate 
tlint comproIiflTiaible I stall havo to enter into a good 
many explanationB. 

And "wlien you have tliorouglily got to understand the 
hiatory of what you cat yourself, wa will look a little 
into the history of what otLer animals eat, beginning 
by those most like ouraelTes, and going ou to the rest in 
regular succession downwards. And while we arc on 
the eijlijcct, I will say a word or two on tha way in 
which YftgCtables Cat, for, &S yOu remember, I have Stated 
that they do cat also. 

Do yon think this (3 likely to interest you, and be 
worth the trouble of some thonght and attention ? 

Perhaps you may tell mo it sounds \cij tedious, and 
like making a great fuss about a trifle ; that you bavo 
all your life eaten mouthfuls of bread withont troubling 
yourself as to what became of Ihem, and yet have not 
been stopped growing byyoui' ignorance, any more than 
tlie little cut, who Ivnows no more how it happens than 
yoQ do, 

True, my dear ; but the eat is only a little cat, and 
you area little girl. Up to the present moment you and 
ehc baveknoAvn, one as much as the other on this sub- 
ject, and on that point you have therefore had no su- 
periority over her. But she will never trouble herself 
about it, and will always remain a little cat. You, on 
the contrary, are intended by God to become aomethiog 
more in intelligence than you are now, and it ia by 
learning more than the cat that you will riae above her 
in this respect. To learn, is the duty of all men, not 
only for the pleasure of curiosity and tlio vanity of 
lieing called learned, but because in proportion to what 
we learn wo approncL nearer to tha destiny which God 
ha-^ appointed to man, and when we walk obediently iu 
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the path which God himself has marked oat for w, wft 
necessarily hecome better. 

It is Bometimea said to grown-np people, that it is 
nsTer too late to leam. To children one may say that 
it is never too early to learn. And among the things 
which they may leam, those which I want now to teach 
yon have the double merit of being, in the first place 
amusing, and afterwards, and above all, calcalated to 
accustom you to think of God, by causing you to ob- 
serve the wondere which He has done. Sure am I that 
when you know them you will not fail to admire them ; 
moreover I promise your mother that you will be all the 
better, as well as wiser, for the study. 
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At tbe foot of tha mouutaim, from w^iencQ I write U 
yon, my dear cMid, ■when we want to sliow tlie coimtrj 
to a stranger, TVB commence by making kirn climli one ol 
the beiglita, whence lie naay take in at a glance the wbolf 
landscape below, all tlic woods and yillagea scattered 
over tbe plain, even np to the blue lino of the Rhine, 
which stretches out to the distant horizon. After thin 
he will easily ind bis way about. 

It is to the top of a mountaia equally osefol that I havt 
jostled you. Itliaa coa t you Bomo trouble to climb witb 
me. Ton have bad to keep your eyes very wide open 
that yon might see to the end of the road we bad to gp 
together. Now then, let m come down and view thf 
conntry in detail. Then we shall go aa if wo were oi 
wheels, 

And now let ns begin at the beginning : 

Well, doubtless, aa tho subject is eating, yon will es 
pect ma to begin with the mouth. 

Wait a moment j there is something else first. Ea< 
yoa are so accustomed to make use of it, that you hav» 
never given it a thoaght, I dare say. 

It is not enoitgh merely that one sLould have a mouth ^ 
we must be able to put what wo want witliin it. What 
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TTOuld joii do at dinaer, for instance, if you Lad no 

hands? 

Tho liand ia thou the first thing to "be considered. 

I shall nut givo you a description of it ; you know 
what it 13 like. But wliat, perhaps, you do not know, 
because you have never thought about it, ie, t!ie reason 
wliy your hand is a more convenient, and consequently 
more perfect, instrument than a cat's paw, Ibr inatancc, 
wbicU yet answers a aimilar purpose, for it helps the cat 
to catcli mice. 

Among your five fingers there ia one "which ia called 
the thumb, which stands out on one aide quite apart from 
the others, Look at it with respect ; it is to these two 
little bones, eovorcd over with a little flesh, that man 
owes, part of hia physical superiority to other aniraals. 
It 13 one of hia best servant?, one of tlie noblest of God's 
gifts to him. Without the thumb three-fourths (at least) 
of human arts would yet have to be invented; and to 
begin with, tho art not only of carrying the contents of 
one's plate to one's mouth, bat of Qlliiig tho plate (a very 
importO-Ut question in another way) would, but for ttio 
thumb, have had difSealtiog to Burmouot of which jon 
can form no idea. 

Have you noticed that when you want to take hold of 
anything (a piece of bread, wc will aay, as we arc on the 
subject of eating-), have you notiecd that it is always the 
thnmb who puts himself forward, and that he is always 
on one side by hioasclf, whilst the rest of the fingerg are 
on the other ? If the thumb is cot helping, nothing re- 
mains in your hand, and you don't know what to do with 
it. Try, by way of experiment, to carry your spoon lo 
your mouth without puttiug your thumb to it, and you 
will see what a long time it will take you to get through 
a poor little plateful of broth. The thumb is placed in 
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BDcli a manner on your hand tliat it can (ace each o£ tlie 
oilier iingei-s one after another, Or all together, as yon 
please I and liy tliis we arc eDabJed to gi'osp, as if witb 
a pair of pincei-s, Tvliatever object, whetlier largo or small. 
Our hands owe their perfaetioQ of usefulness to tbia 
happy aiTangement, which lias boen bestowed on no 
otiicr animal, except the monkey, oat nearest neighbor. 

I may cyea add, wliile we arc about it, that it is this 
which distinguishes the hand from a, paw or a foot. Our 
feet, which have other things (o do thia to pick tip ap- 
ples or lay hold of a fork, our feet have also each five 
fingers, hut the largest cannot face the otbore } it is not 
a thumb, therefore, and it is because of this that our 
feet arc not hands. Now the moakoy has thumbs on 
the four members corresponding- to our arms and legs, 
and thus we may say that he has bauds at the end of 
his legs as well as of hia arms. Nevertheless, ho ia not 
on that account better off thau we are, but quite the 
contrary. I vyill explain this to you presently. 

To rctara to our suhjoct. You ecc that it was necea- 
Bary, before saying anything about the mouth, to con- 
eider the hand, which ia the mouth's purveyor. Before 
the cook lighU the firos the maid ma=!t go to market, 
must she not? And it is a vary valuable maid that we 
have here : what would become of m without her ? 

If we were in tho habit of giving thought to every- 
thing-, we should never even gather a nut without being 
grateful to the Pro-ridence which has provided us with the 
thumh, by meaia of which we arc able to do it ao easily. 

But however well I may have espreas-cd it, I am by 
no means sure, after all, Uiat I have succeeded in show- 
ing yon clearly, how ahaolote-Iy necessary our hand is tci 
113 iu eating, and why it has the honor to stand at the 
oegioning of tfio history of what we eat. 
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It Still appears to yon, I euspect, that oven if yoa 
wero to loso the uso or your liands you would not, for 
all that, let yourself die of hunger. 

This is because you have not attended, to anotLor cIt' 
cuDQStanco, which oOYCrtholess demands your notices— 
namely, that from one end of the world to the other, 
quantitiea of lianda aro heiug employed in providing 
you with the wherewithal to cat. 

To go on furtlier ; HuTft you any idea how many hands 
have heeu put in motion merely to enable you to havo 
your coifco and roll in the morning? What a number, 
to be sure, over thia cup of coffeo {which 13 a trifle in 
comparison with the other food you will consume in the 
courso of the day) j from the hand of the negro who 
gathered the coffeo crop to that of the cook who ground 
ithe bcrriea, to say nothing of the hand of tbc sailor who 
Fgoided the chip which bore them to our ehorea. Again, 
from the hand of tho laborer who sowed the corn, and 
that of the miller who ground it into flour, to the hand 
of the baker who made it into a roll. Then tho hand 
of the farmer's wife who milked the cow, and the hand 
of the refiner who made tho sugar ; to say nothing of 
the many others "who prepared hia work for him, and I 
know not how many more. 

How would it be, then, if I were to amuse rayacif by 
counting up all the hands that are wanted to furniah- 

Tho sugar-refiner's manafiictory, 

Tho milkmaid's shed, 

The baker's OTen, 

The miller's Biill, 

Tho laborer's plough, 

Tho sailor's ship ? 

And even now is thero notliing we have forgotten V 
Ah, yes ! the most important of ail the hands to yoaj— 
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the liand wliich brings togetlier for your benefit tlie 
fruits of Iho labor of all the others — the hand of your 
dear mother, alwaya active, al"waya ready, that hand 
which so often acts ag youra when your own is awkward 
or idle. 

NotTt then, you see how you might really manage to 
Ao without thoso two comparatively helplosa little paws 
of yours (although tiiero is a thumb to each), without 
suffering too much for want of food. With such an 
army of handa at work, in every way, to famish proris- 
ion for that little mouth, there ivould not be mucli dan- 
ger. 

Bat cut off your cat's fore paws— oh dear ] ivhat aoi 
I sttymg? SuppDso.rathcr, thatshohasnotgotauy, and 
then eoant how many mice slie will catch in a day, Tlio 
milk you give her i3 another matter, reniomher. Like 
yonr cup of coffee, that is provided for her by others. 

Believe me, if you were suddenly lel't all alone in a, 
wood, like thoso pretty squiri'cia who nibble hazel-nuts 
80 daintily, you would soon discover, Irom being thu3 
thrown upon your own resonrcca, that the moiitb is not 
the only thing required for eating, and that wh-otlicr it 
bo a pew or a hand, there must always bo a servant to 
go to market for Mr. Mouth, and to provide him with 

food. 

Happily, wo arc not driven to this extremity. We 
Lake hold of our coffee-biscuit between the thumb and 
Torefing-er, and behold i t is on ita road — Open the mouth, 
and it is Boon donet 

Bot before wo begin to chew, lot us stop to conaider a 
little. 

The month is tlic door at which everything enters. 
Now, to every well-kept door there is a doorkeeper, or 
pnrlcr. And what is the office of a well-instructed 
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porter? Well, lie asks tlie people that present them- 
Belvea, who they arc, and what they have come for ; and 
if he does not like their appearanco, lie refuses them ad- 
mittaacG. "We too, then, tq be complete, need a poTter 
of fins sort in. our moatlis, and I am happy to say we 
have OHO aceordtngly. I wonder whether you know 
him? You look at me quite aghast 1 Oh, ungrateful 
child, not to know your dearest iidcnd t As a punish- 
ment, I shall not tell yoa wlio he 13 to-day. I will give 
you till to-morrow to think about it. 

Meanwhile, aa I have a liltle time left, I will say one 
■word more ahoQt what we arc going to look at together. 
It would hardly bo worth wbilo to tell yon thin pretty 
story whitih we hare begun, if from time to timo we 
were not to oxti-act amoral from it. And what ia the 
moral of our history to-day? 

It ha'? more than one. 

In the first place it teaches you, if you never knew it 
before, that you are under great obligations to other 
people, indeed to almost everybody, and most of all 
perhaps to people whom you may be tempted to look 
down upon. Tliia laborer, with big coarse smock-frock 
and heavy shoes, whom you are ao ready to rldieule, 13 
the very person v^ho, with hig rough hand, has beoa the 
means of procuring for jou half the good things yoa 
eat. That workman, with turned-up sleeves, whose dirty 
black fingers you are afraid of touching, has very likely 
blackened and dirtied them in your service. You owe 
5rcat respect to all these people, I aasure you, for they 
ill work for you. Do not, then, go and fancy yoursoll 
i great conscqueace among them— you who are of no 
[aeo in any way at present, who waut everybody'^ help 
foui*aelf, but aa yet can help nobody. 

Not that I mean to reproach youby Baying this. Tonr 
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turn baa not come yet, and everybody began like you 
oHgiaaUy. But I do wish to impress upon you that you 
must prepare yourself to "become aottio da.y useful to 
otherg, ao that you may pay back tlie debts which you 
arc now contracting. 

Every time you look at your little hand, remombfl" 
tltatyoQ bavB its education to accompliali. Us debts of 
honor to repay, and that you must make basto and teaeh 
it to be very clever, so tbat it may no longer be Raid of 
you, tliat.you are of no use to anybody. 

And tUen, my dear child, remember that a day will 
come, when tlie rcTcrcd hands tliat now take care of 
your cliildliood — those hands which to-day art: yours, 
as it wore— will become weak aud incapacitated by age. 
Yon will be strong, then, probably, and tlie assistance 
which you receive now, you must tlien render to hop, 
render it to her elb you have received it — tbat is to say, 
with your bauds. It 13 the mother's hand which comes 
and goes without ceasing about her little girl now. It 
is the daughter's hand wMch should come and go around 
the old mother hereafter — ^ber Land and not aaother's. 

Here again, my child, the mouth is nothing without 
th& hand. The mouth aays, " I lovo," the hand proves it 
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Now, aliout tliia doorkeeper, or porter, aa wo will call 
him, of the moutb. I do not suppose joa bavp gBGsaed 
who he IS ; bo I ara going to te!l jon. 

The porter who kcop3 the door of the moath is the 
sense of taste. 

It ia he who does the honors of thehonseso agreeaHj 
to proper visito^a^ and gives sacli an unacrupuloiis dig- 
missal to unpleaBant intruders. In other words, it 19 
by hia directions that we welcome so alTectionatcly with 
tongue and lips whatever is good to eat, and Bpit ovt 
anheaitatiBgly whatcvci" ia uapleneant. 

I could Bpeak very ill of tliia porter if I chose ; which 
woald not be very pleasant for certain little goarmands 
that I see Iiere, who think a good deal too mueh of him. 
But I would rather begin by praising him. I can make 
my exceptions afterwards. 

Iq the history I am going to give yoii, my dear cliild, 
there ia. one thing you muat neTor lose sight of, even 
when I do not allude to it ; and that ia, that everything 
we shall examine into, ha^ been expressly arranged by 
God for the good and accommodation of our being in 
this world ; just as a eraJIe is arranged by a mother for 
tlio comfort of her baby. We must look upon all thrae 
things, therefore, 03 so many preaonta from the Almighty 
liiiuaelf ; and abstain from speaking ill of tUcni, wCrfi it 
only out of ro^jjcct fov the hand which haa bestowed tliciu. 
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Moreover, (.Lore ia a very easy plan by ■\FbIch w-e iiiiiy 
eatisfy ourafilvca of tlic usefulness and propriety of tlicse 
gifts^namely, by considering -what -would become of iia 
if WG were deprived of aoy one of tlem. 

Suppose, for ingtance, tliat you were totally deficient 
in tlic sense of taste, sncl tliat when you put a ptcce of 
cake into your looutli, It should create no more sensa- 
tion in you than when you held it in your liandV 

Too would not liave thought of imagiaiiig sach a 
yourself, I am aware; for it never comCS into 0, 
Id'a head to tbiak that things caa be otberwlso 
than 03 God h&a made thcoi. And in tliat r^pcct chil- 
ilren are Bomctimes wiser tliaa philoaophors. NcverUie- 
lisSj we will suppose tliis for once, and consider what 
would happen iu consequence. 

Well, in the first place, you would cat old mouldy 
cake with juat the same rcliah aa if it were ii-eah ; and 
this mouldy cake, which now you carcfuliy avoid bccauBe 
it is monldy, ia very unwholesome food, and would poison 
you wece you to eat a great deal of it. 

I give this merely as aa jugtaoco, bat it ia one of a 
tliousand. And altliougii, with regard to cataliles, yon 
9Qly know such as liavo botin prepapod either in shops or in 
your mamuia'3 kitelieu, still you must be aware tbero oro 
many we ought to avoid, because they would do no good 
in our stomachs, and that wo should oftcu be puazled to 
distinguiah these from others, if the acnae of taste did 
not warn us about them. You must admit, therefore, 
that such warnings ai-c not without their valvte. 

In shorty it ia a jnarvelloua fact that what Is unfit for 
fuod, is uliiiust itliciiys to Ijc recognized a,'^ it enters tbe 
mouth, by its disagreeable taato ; a fnrtlier proof that 
God has thought of cverytldng. Medicines, it is true, 
Ri-e unpleaf ant to the taste, and yet liivc to be swallowed 
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lu certain (.asis. But wc may compare tliein to cliiiniioj* 
oweepei-3, who are neither pretlj' to look at, nor innted 
Into the drawing-room ; but wiio, nevertheless, are froru 
time to time lot into tbc grandest houses by the porters 
— though possibly with a grimace^bccansc their services 
are wanted. And in the same way medicines have to 
be aomitted sometimes — despite their napleasantness — 
because they.too, liave to work in the diimnej. Taste does 
not deceive yon about them, however; they are not intend- 
ed to serve as food. If any one should try to brealtfast, 
dine, and sup upon physic he woald &oon find tliis out. 

Besides, I only said almost always, in Bpeakiog' of 
unwlioleaome food making itself known to na by ita 
no^ty taste ; for it is an unfortunate truth that men 
have invented a thousand plana for bafUing their natural 
guardian, and for bringing thieves seeretly into the com- 
pany of honest people. They Bometimes put polaoo, for 
instance, into sugar — a-s is loo often done in the case of 
tho3c horrible green and bhic sugar pi nms, an^aiust which 
I have an old grudge, for they poisoned a friend whom 
I loved, dearly in my yoath. Such tilings aa these pass 
imprudently by the porter, who sees nothing of their real 
character — ilr. Sugar concealing the rogues behindl him. 

Moreover, we are Bonietimcs so foolish as not to leave 
the porter tirae to mate his esamiDation. We swallow 
one thing after another greedily, without taating ; and 
snch. a crowd of arrivals, comiug in witli a rush, "forces 
llie sentry," as they say ; and whose fault ia it, if, after 
thia, we Ond thieves rata-blished in the house? 

But animals have more sense than we hare. 

Look at your kitten when you give her bodio tit-bit 
she is not acquainted witii— how cautiously and gently 
she puts out her nose, so aa togivcherself time for consii 
eratioD. Tlien how dclieatoly she toachc? the imknowi: 
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bjcct willi tlic tip of her longue, once, twice, and per- 
IiajB three times. And wlieo tlio tip of the tongue has 
thua gono forward scTeral times to make observations 
(for this 13 tho great post of observation fw tlie cat's 
porter as well aa for oura), she ventures to dociilG upon 
Bwallowing, hut not hcfore. If sho has the least suspi- 
cion, no amonut of coaling malies any ilifcreoce to ber ; 
you may call "pusss, pnss," for ever ; all your tender in- 
vitatioiia are useless, and she turns away. 

Very good ; here then is one little animal, at leiist, 
"who understands for what end ahe has received the secae 
of tasto, and who makca a reasonable uso of it. Ycry 
different from some cliildrcn of my acquaintance, -who 
heedlessly staff into their mouths whatever cornea into 
llieir hands, without even taking the trouble to taste it, 
and who would escape a good many atomach-aches, if 
nothing else, if tliey were aa acnsiblQ as Pussy. 

This IB the really useful side of the seme of taste; bnt 
ita agreeable side, which is sufficiently well known to 
yoo, ia not to bo despised cither, even on the grounds of 
utility. 

You must know, between ourselves, that eating would 
bo a very tirKOme business if WO did not tasto what wo 
arc eating ; and I can well imagine what trouble mam- 
11153 would have in persuading their ehildi'cn to come to 
dioncr or tea, if it were only a question of working their 
little jaw3, and nothing fai'ther. What struggles — ^what 
teare I And setting asido children, who are by no means 
alwaya tlic moat disobedient to the will of a good God, 
liow few men would care to stop in the midst of their 
occupational to go and grind their teeth one against an- 
other for half-an-hour, if there were not aomo pleasure 
QtUtchcd to an exercise not naturally amusioff in itself? 
Ay. ay, my dear ehildj were it not for the reward in 
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pleasure wliicli w given to mmi wiicn tliey oat, the hirnian 
race, who as a whole do not Hto too well already, would 
IItc still worse. And it is necessary that wc should be 
fed, and well fed too, if yrc would perform properly hero 
below the miasioa which wc have received from abore. 

Yes, " reward " was the word I uaed. Now it seemg 
al}surd to yon, perhaps, that it bIiouM be necessary to 
reward a maa for catlnj^ a good dinner? Well, well, 
God lias been moro kind to him, then, than you would 
be. To every duty iniposGd by Iliin upon man, lie has 
joined a plcasuro as a reward for fulGUing it. IIow 
many things should I nothave to say foyon on tliia sub- 
ject, if you were older ? For the present, I will content 
myself with malting a comparison. 

When a mother thinka lice child is not recisonable 
enough to do, of her own accord, Eomcthing which it is 
nGVcrtholesa important she sliould do, as learning to 
road, for instancQ, or to work with licr needle, <fec., sli« 
comes to the rescue with rowarda, and giTM licr a play- 
tiling wlien she has done well. And thus God, wlio had 
uotcoiifidcnce enougli in man's reasoa to trust to it alone 
for supplying tho wants of liiimaa nature, has placed a 
plaything in the shape of plea'^ure after every neccsaity; 
and in aupplying' tho want, man finds the reward. 

Ton will hardly believe that what I have here es- 
plaiccd to you 80 quietly by a childish comparison, hag 
bneo, and alas I still iH, the eubject of torriblo disputes 
among growu-up people. If hereafter they roach your 
ears, remember what I have told you now, viz., that the 
pleasure lodged iu the tongue and its surroundings, is a 
plaything, but a plaything given to ug by God ; and that 
we must i>3Q it accordingly. 

if U little girl liaa had a play tiling given to hcr by he* 
niollier, would she think to please hot by brcakiag it or 
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thro (ring it into a corner? No,ccrtainlv'not: she would 
know that in so doing slic wonld be going dii'cutly againal 
her motlier'a intentions and wiahcs. Never tliel 033 eliQ 
would amuse herself with it in play Hours, with au easy 
conscience, and, if slie is ainiaLle, sbo will rGnnimber 
while sho does so, that it coineg to Ler from her mother, 
and -will thank her at the bottom of her heart. 

It is tho game with man, of whoso plaything wc are 
epeakiag. 

But, moreover^ thia little girl (it is taken for granted 
that she ia a good Httio girl) will not malie tiie plaything 
tlje business of lier wliolc day, tlic object of all her 
tbonghta ] she will not forget GTerything for it, she will 
leave it unhesitatingly when her oiamma calls her. 
Neither will she wish to "be alone in her enjoymenta, hut 
will gladly see her litUo friends also enjoy similar play- 
things, because she tliinlca that what is good for her 
must be good for others too. 

It is thus that man should do witli his play things ; but; 
alas 1 this is what he doea not by any means always do 
with them, and hence a great deal haa been said against 
tliem. Little girls, in particular, are apt to fail on thia 
point, and that ia how the dreadful word glultomj caiie 
to be invented. For the saiao reason, also, people get 
punished from time to time ; such punishments being the 
consequence of the misuse I apeak of. 

If people who call to see your mamiua were, instead 
of going straight Tip etaira to her, to ratablisli them- 
Belvea at the lodge with the porter, and atay there chat- 
ling with liira, do you tKink she would be much flattered' 
by their visits? And yctthig is exactly- what people do 
who, when eating, attend only to the porter. He is so 
pleasant, this porter ; he says such pretty tilings to you, 
that you go on talking to him just as if ho were the 
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master of the Louse, who, meanwliile, liaa qut ^ 
of" youi' head. 

You heap sagor-plaim upon sugar-phima, cakea upon 
cakes, sweetmeats upon Bweetmeata — evcrylliing that 
pleases the porter, hut ia of no use whatever to the 
master of tlio honso. Xnd then what happens? The 
master gels angry sometimes, and no wondep, Mr, 
Stomach grows weary of tlieae visits, -which are of no 
Tiso to liira. He rings all t!ie bolls, makes no end of a 
noise in the house, and forcis that traitor of a porter 
who haa engrossed all his company, to do penance. 
You arc ill — your month ia out of ordcr^ — you have no 
appetite for anything. The mamma lias taken away the 
plaything whicti haa been misused, and whon she gives 
it back, there muat bo groat care taken not to do the 
same thing over again. 

I have thought it only riglit, my dear child, in telliag 
you the history of eating, to give to thia little detail of 
ife beginning', a place proportioned to your interest in 
it. You sec by what I have said, that you are not alto- 
gether wrong in following your t.iste ; but nciUior muBt 
it be forgotten that this part of the business is not in 
reality the moat important ; that a playttiing ia hut a 
plaything, and that the porter ia not the master of the 
Louse. 

Now that we have made our good friend's acquaint- 
ance, we will wish him farewell, and I will presentlj 
introduce you to his companions of the antecliambor, 
who are ranged on the two sides of tho door, to mate 
the toilettes for the visitora who present themselves, and 
to put them in order for being received in the drawing- 
room* You will sec there some jolly little fcUowa, who 
aro als3 very uaeful in their way, and whose history is 
no Ices cnrioua. Thoy are called TEBin. 
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When yon were quite littlo, my dear child, aci still a 
nureling, you had nothing behind your lips but two little 
rosy bars, ■which were of no service for gnawing an 
apple, aa they were not supplied with teeth. Tou had 
no need of theao then, since nothing but milk passed 
year lips, neither had your nurse bargained for yonr 
having teeth to bite with. Tousee that God provides 
for everything, as I have already said, and shall often 
have oceasion to point out to you. 

But hy degrees the little infant grew into a great girl, 
and it became necessary to think of giving her some- 
thing more solid than milk to eat ; and for thi3 purpose 
she required teeth. Then some littlo germs, which had 
lain dormant, concealed within the jaws, awoke one after 
another, like faithful workmen when they hear the strik- 
ing of the elock. Each set to woik in bis littlo cell, 
and with the help of some phosphorus aad some lime, it 
began to make ilaelf a kind of white armour, as hard aa 
a stoniO, which grew larger from day to day. 

You know what lime is ; that sort of white pulp 
which you have seen standing in largo trougha where 
the masong are building houses, and which they use in 
tnalciog mortar ; it is with this that your littlo tnasoos 
baild your tooth. 

As to I>li03phoru3, I am afraid you may never have 
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seen any 5 but you may have licard it spoken of. It la 
sold at the druggist's in the form of little white etick:*, 
about a.>i thick as youi" finger ; they Lave a disagreealile, 
garlicky smel!, and arc obiig-od to be kept in jars of 
water, because they seize every opportunity of taking 
lire ; so I advise you, if over you do eco any phosphorm, 
not to meddle wi til it — for in baroiag, it sticks closely 
to the akin, and there ia the greatest difficcUy in tke 
world in extinguishing it, and the burns it makes are 
fearful. I give you this caution, bocauso phospboria 
poaseaacs a very curious property, wiiicL might attract 
little girls. Wlierevcrit is rubbed, in the dark, on a 
door, or on a wall, it leaves a luminous trail of a very 
peculiar appearancfl, which hag been eallod plio?phorc3- 
cent, from the naine of th« sulBlanco ■which produces it. 
And in thia way one can write on "walla in letters of 
firo, to ilie terror of cowards. Now, come ; if you will 
promise to be very wise, and only to make the experi- 
ment when your maiama U present, I will teacli you bow 
to make phosphorescent lights without Laving to go to 
the druggiflt'sl There is a Binall quantity of phospLorua 
in lucifer matches, which tlicir garlicky smell proves. 
Rub tliom gently in tbo dark oa a bit of wood, and you 
wili see a ray of light which will ahioc for gome mo- 
ments. But ]Dind, you must not play at that game wlien 
you aro alone; it ia a daugoroua amusement, and one 
hears every day of terrible accidents caused by dis- 
obedient ehildrcQ playing with lueil'er matoLes. And 
while we arc on the subject, let me warn you against 
putting thein into your moutL, PLosphorus is a poison, 
and such a powerful one that people poison rats with 
bread-crumb balls in which it has been introduced. 

"Oh dear me ! and that poison makes part of out 
teeth ?'* 
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Exactly so, and it oven forms part of all out bones, 
and of tliG boties of all animals ; the beat proof of wliit^li 
U, that the pliospho'rus of lucifer matches has been pro- 
cared out of bones from the slaughtcr-Iiouse. One could 
mako it from the teeth of little girls If one could get 
enough of them. 

Now 1 300 -what puszl^s you, and -wcil it may. You 
are asking; yourself hovr those little tooth-makers, the 
gums, get hold of this terrible pbospiiorns, which is Bet 
on fii'G by a mere nothiug, and whi<:!i we dare not put 
into our mouths ; where do they find the lime whicli I 
also protest is not lit to eat, and yet of wliieh wo liax"0 
stores from our heads to our feet? 

It 13 Tcry snrprl-'ing, too, to tliink of its being tortli- 
coming in the jaws just when It is wanted there, 

You begin to perceive tliat there aro many things to 
be learnt before wo coom to the cud of our history, and 
tkat we fiad ouraelves checked at every step ; mowliiit«a, 
for we art! coming to something very important. 

In distant country-seats, where people are thrown en- 
tirely upon their own resources, they mast bo provided 
beforehand with all that is requisite for ropairinf; the 
building ; aud there is, accordingly, a person called a 
steward, who keeps everything uader lock aud key, and 
distributea to the woi'kmcQ whatever materials they may 
retiuire. Thus, the steward gives tilea to tlie stater, 
planks to the earpeuter, colors to the painter, lirae and 
bricks to the masoa — tho very same lima that we have 
in our teeth— in fact, he haa got everything that can bo 
wanted in hiia storelioase, aud it is to him that every one 
applies in time of need. 

Now OUT body also is a maiiston, and has its stewaid 
loo. But what a steward— liow active 1 wliat a 'onive^ 
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sal genius I how inefficient by comparisou are tlie stew 
ards of the greatest lords I He goes, lie cornea, he ia 
evcrywliere at once ; anil this really, and not as we usg 
the phrase in speaking of a merely active man : for t!io 
heing everyidiere at once h in tbia case, a fact, lie keeps 
CTcrything, not in a. atoreliouse, but what is I'ar better, 
in his very pockcts, which hc emptica by dej^roca as ho 
goea about, distributing their contentg without ever 
making a mistake, without stopping, without delnyiiig ; 
and returns to replenish his resources in a ceaaelcss, in- 
defatigable course, which nevor flags, night nor day. 
And you can form no idoa liow many workuieo ho has 
under hia orders, all laboring without intermission, all 
requiring diBFcrent tilings— not one of them pausing, 
even for a joke!-— not even to Ray — "Wait a moment;" 
— they do n.ot understand what waiting mcaiis : ho must 
always keep giving, g'i'ving, giving. By and by "we 
shall have a long account to give of this woadorful 
steward, whose name, be it known, if you have not al- 
ready guessed it, is Blood. 

It is he who, one 0ne day when he was making his 
round of the jaws, found those little germs I spoke of, 
awake and eager for work - and hc began at once to 
start them with materials. Hc knew that phosphorus 
aad Lime were what they needed ; ho drew phosphorua 
aed lime thereforo out of his pockets, — and, to bo very 
exact, some other little matters too, — but these wore the 
most important ; but I cannot stoo to tell you every- 
thing at once. 

Now, wlicre did the blood obtain this phospborua and 
lime? 

I expected you to nsk thi?, but if you want everything 
explained aa we gc along, we shall not get very far. Id 
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tact, if I answer all jour questions I sliall be letting out 
my aecret too soon, and telling you tiic end of my atoiy 
almost before it is begun. 

So bo it, liowevor ; perhaps you will feci more cour 
age to go on, wlieii: you know where we are going. 

The Bteirard of a country-house distributea tiles, 
planlcs, paint, brii;ks, limf* j but none of those things aro 
Lis own, as you tnow ; he has received tbem from hia 
master : and, in the same way, our steward has nothing 
of Lis own : everythin-j; lie dbtributca comes from the 
master of the house, and aa I have already told you, this 
master is the stoniacU. Aa faat as the steward distrib- 
utes, therefore, must the master renew the stores — and 
renew thcra all, for imlosa ho docs this, the work would 
Btop. In proportion as tho blood gives out oa all sides 
the contents of his pockotj, liio stomach must roplenish 
them, and lill them witU everything necessary, or tbcre 
would bo a revolution in the house. Now, aa there can 
be notliing in the stomach but what has got into it by 
the month, it behooves us to put into the mouth whatever 
is needed for the supply of our numerona wortmcu; 
and this 13 wliy we cat. 

I perceive that I have plunged here into an esplana- 
tioQ out of which I shall not easily extricate myself, for 
I can gt!es3 what jow are going to stiy next. When you 
began to cut your teeth, you had eaten neithoc phoapho' 
rus nor lime, as nothing bat milk bad entered jonr 
mouth. 

That is true. Neither then, nor Binco then, have you 
eaten those thinga, and what is more, I hope you never 
will. And yet both must have got into your mouth, for 
vilhout them your teeth conld never have grown. How 
nrc we to get oat of this puzzle 7 

Suppose now, for & moment, that instead of phospbo- 
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ru3 and lime, the little workmen ia youi jawa had askeci 
the blood for sugar to inake tlio tectLwith. FortuiLiat&- 
\j this ii only a. supposition ; otherwise I ehould be ia 
great fear for the poor teeth : tliey would not last very 
long. Suppose, fnrthor, that instead of your eating- tha 
lump of Bu^ar which was destined to turn into a tooth, 
your mamma had me! ted it in a glass of wateri and bad 
giren It to you to drink ; you could not say you liad 
eaten BUgar, and yet the sugar would really have got 
into your stomach, and thoi'O would be nothing very 
wonderful if the stotnach had found it out anci given it 
to the blood, ajid the Hood bad carried it off to the 
place where it was wanted. Now, allowing that the 
lump of sugar was very small, and the glass of water 
very large, the sagar might have passed without your 
perceiving it, aud yet tlie tooth would liave grown all 
tlie same, and witbout the help of a miracle. 

And thia ia how it was. In the milk which yon drank: 
as a baby there were both phopplionis and lime, tliough 
in very small quantities. There were many other thiuga 
besides ; everything of coarse that tlie l>iood required 
for the use of ite work-people, because at that time the 
Ktomacb was only receiving milk, and yet all the work 
was going on as usual. 

And therelbre, my dear child, whenever in the course 
of our studies, yon hear me describe sucli and such a 
thing na being within us, say quietly to yom-aclf, " that 
also was in tha milk which nourished mo when I was a 
baby." 

Of course, the aame things are in what you eat now ; 
only now they come in a form more difficult to deal with, 
and tlio labor of detaching them from the surrounding 
ingredients is much greater. The whole business indeed 
of thi3 famous maehine which we are studying' conaifits in 
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nnfastcuing tha links wlikli lio]d tilings logetlier, and 
ta laying aside wiiat ifl useful, to be scat to the blnod 
divcatod of the rcfuao. Ttie stomach was too feeble in 
your infiincy to have eiic(>iiiitcred the work it lias to do 
now. It is for tliis reason that God devised for the ben- 
efit of little cliildron that esCTllent noiuisliment — milk — 
wliicli contains, all ready for use, ovcvy ingredient tho 
blood wants ;, and is almost, in fact, blooil readj- 
made. 

Only tliinli, mj cliild. what you owe to her who gaTe 
you this nonriahnient 1 It was aetually her blood aha 
waa giving you; her blwod which entered into your 
veins, and wliich "wrong-ht within yon in the wonderful 
way which Iliavc beon desci'ibing. Other people gave 
yon sng'ar-pIuiQs, Idaaea, and toys ; bnt she gave yoa the 
teeth which crunched the sugar-plums, the flesh of the 
rosy cheeks which got tho kksea, and of tho little hands 
which handled the toys. If ever you can forget thia, 
you are ungrateful indeed I 

Now, beware of going on to ask mo how we knon^ that 
there are ao many sorts of things in milk, or I shall end 
by getting angry. Question after quration ; why, yon 
might drive me in thia way to the end of the world^ and 
woshoald never reach the point we are aiming at. We 
have already traveled far away from the teeth, concGTU- 
ing which I wauicJ to talk to you at thia time, but our 
tcseon is nearly over and we have scarcely said a word 
ahont them! One cannot learn everything at once. 
Upon the [wint in question you must take my word ; and 
ad you may bclicvo, I would not run the risk of being 
contradicted before you, by those who have authority on 
the Bubject. 

Let it soflico you, for to-day, to liave gained Bomc idea 
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of the manner in which the materials which constitute 
our bodies are manufactured within us. Wo have got 
at this by talking of the teeth ; to-morrow, it may be the 
saliva, the next day something else. What I have now 
told you will be of use all the way through, and I do not 
regret the time we have given to the subject. If yo"j 
have understood that well, the time has not been lost. 
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My tlioaglifa return ioToluntarily to the aubjcct 1 las\ 
ftsplained to yon, my dear cliilG, and I find that I hav* 
a great dca] to say about it still. 

Ton see now, I bope, that wc havo Bomstbing eke to 
conault besides a dainty taste wbea we are eating ; and 
that if WG are to work to any good purpose we must 
tbittb a little about tliis poor blood ; wlio has so much to 
do, and wlio often finds himaclf so much at fault, when 
wc send liim notliiug but barley-sugar and biscuits for 
hifl support. It is not with euch stuff as that, OS yOtl 
may well imagine, tliat he can be enabled to answer sat- 
isfactorily to the constant demands of liis littlo work- 
men, and we cspoae him to the risk of getting into dis- 
grace witli them, if we famish him witli no better pro- 
visions. 

And who is the sufierer? Not I who am giving you 
this informatioQ, moat certainly. 

Now, when children hesitate about eating plain food, 
and lly from beaf to rush a.t dessert, they aet a5 a man 
would do wlio sliould begin to build by giving his work- 
men I'eeda instead of beams, and squares of gingerbread 
instead of bricks. A pretty house lie would have of it ; 
— juat tLinkI 

On tho contrary, what year mother aslcs you to eat, 
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my dear littlo epicare, Is sure to be eomething whicb 
containa the indispensable supplies for which yonr blood 
is craving ; for peoplo knew all about this by cspcrieaco 
long Ijcfore thoy could es[pliiiQ the why o-nd the where- 
foi'Q. But now tiiat you arc so muoli better inrormed 
than even the moat learned men wero a century ago, 
pouting and wry faces at table are no longer excnsablc, 
and I should be sadly ashamed of you if I ahonld hear 
you coatinucd to malic them. 

And tliis is what I was more particnlarly thinking of 
JQBt now, when I took np ray pCn again. No doabt it 
is very amosiiig to be able to look clearly into onc'd 
Irame, ajid see what goes on inside, but the amusement 
anything affords ia the least important part of it; jou 
have begun to find this out already, and you will find It 
out more and more every day. What scorns to rae one 
of the great advantages of the study we have begun to- 
gether 13, that at every step yon take you will meet with 
the most practical and useful instruction, as well as tho 
most Unanswerable reasons for doing what your parfinta 
ask you to do every day. 

To obey without knowing why ia cortainly possible, 
and may be done happily enough. But we obey more 
readily and easily when we nndorstand the reason for 
doing so ; and a duty which one can aatiafy oneself 
about, forces itself upon one as a sort of necessity. And 
what can throw a stronger light on our duties than h 
thorough acquaintance with ourselves? 

It is upwards of two thousand two hundred years ago 
(and that ia not yesterday, you mngt own!) since one of 
the greatest minds of the world — Socrates — never forget 
that name — taught his disciples, as a foundation ppecept, 
this apparently fiiiaple maslm, "Know thyself," He 
meant this, it i; true, in a much higher sense than we 
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are aiming at in thesG eonvoisa lions of oiii's,btitlii3 rulo 
is so practical, tiiat altliougli jou have onlj as yet taken 
a mere peep into one small corner of self-knowleilgo, you 
find, if I am not much miataken, tliat your heart has 
beaten once or twice iftthcr faster than it diil before;. 
Was I wrong, in saying from the begiuning, ibat we be- 
coffio better aa ■wc grow in knowlcdgo? la it not trua 
that you Lave felt more tcn<l<?rly than ever towarJa her 
who nouriahod you with her miflCf since I cxpla-InGd to 
you tho Talue of milk ; and that you iiavo kissed your 
mother's hand all the more loTingly since you heard my 
history of the liaud? To tell you the trntl, if you hail 
not done so, I should have liecn diaaatisfled both with 
you and myself- 

Andwaitl While ■we are t-alking thua, another thoug-ht 
has come into my head about bands and nur&ea, which I 
n«--^t tell yon of. 

Tiiere ifl sometliDg of tlie nurae, my child, in those 
who take the best fruits of their intellect and heart, and 
transform them, aa it were, into milk, in order that your 
infant sou! may rccoivo a nourishment it will be able to 
digest without too much ofFort. In this way their rery 
soul entera into you, and it ia but fair that you should 
reward tiiem as they deserve. Young as you are, too, 
you Jiavo a reconipon.^e in your power ; one more accept- 
able OTon tJian Academic prizes— of which it is iodis- 
pensablo not to be too avaricious— you can give thorn 
yonr lovo. 

Besides, it 13 not only hands but heads that are a1 
work for you, and of thcso many moro than yoa suppose ; 
and your debt of gratitude is as much due to the ono aa 
to the other. 

Perhaps my first letter may haye led you to suppose 
that I was incliucd to kuj^li at what I called loamcd 



a 



TEE TEETO. 



men ; and tliey ore ycrliapa a liUle io blame for not 
tlimking oFlen enough about little girls ; but ncvertlie- 
leas these men are of the greatest use to them in &a in- 
direct way. You o-vfo them much, therefore, and with- 
out them could have tnown nothing of ^TJiat 1 nm tcacli- 
ing you. It 13 very grand for us, 13 it not, to know that 
there is phosphorus, and lime in om- teeih ? But it took 
generations of learned men, and investigations and dis- 
coveriea -without end, and ages of laborious study, to 
extract from natiu-e this secret which you have learnt in 
iive minutes. And whatever others you may learn hero- 
Tifter, remember that it is the same story with all. "WhUo 

sfitingi therefore, at your ease, by all those oonqucata 
'W Bcienco, I would have you hold in grateful recollec- 
tion thoso who have gained them at so much cost to 
tbemgelves : almost always at the expense of their for- 
tune, sometimes at the peril of their Htcs. 

There tliey are, obserrc, a littlo knot of men with no 
sort of outward pretension. They speak a laB^ago 
which Bcarc3 children away. They weigh dirty littlo 
powdera in apothotarics' Bcaica ; steep sheets of copper 
in acid-water ; and watch air-bubbles passing through 
bent glass tubes, some of which are as dangerous as 
cannon balls. They scrape old bones, and slice scraps 
no bigger than a pin's head. They Sceep their eyoa fixed 
for hours upon things they are examining through micro* 
scopes of a dozen glasses, and when you go to see what 
they are looking at, you find nothing at alb To sco 
them at work, in what they call their laboratorica. you 
would say that they wcro a sct of madmen. Bat at the 
end, it is found, some fine day, that they have changed 
the face of the earth; have worked rcpolulions before 
which emperors and kiuga bow in r^pect ; have enrich 
ed natiooa by millions at a time ; have revealed to 
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ilie liiiniaii mco, divine laws of wliicli it liiid liitherto 
been ignorunt j liaally, have furnished tlic means of 
tesiching little boys and girls some very curtcma tilings, 
which will make tliora morr. a-^rccahlc as well as reasoii- 
able. Aiid tbis is a benefit not to be d'cspised, since 
tliese children arc deatinod oiic day to becorac fatliers 
and mothers, and so to govern the nest generation ; and 
the better tliey themselvea are iiistrDCted, the better this 
will bo done. 

But now let Ls go back to Ujg poor toetli, wlioui wo 
seein to have forgotten ftliogetbor. However, (re know 
very well that they TOOuld not rim away meantlinc. 

I told you before that it was tlicir business, to dress 
and prepare whatever was presented to them, but tb( 
reception they bestow is not one which would suit every 
bodj'a taste, for it consists in being made mince-meat of 
And in order to do their work in the best way possible 
tbcy divide their labor; aoine cnt up, others tear, and 
otbcra pound- 
First, there are those flat teeth in front of the two 
jaws, just bolow the nose, Toncli yours with t!ic lip of 
your finger ; you will iiud that they terminate in sliarj, 
edged blades, like knives. These are called incisws, 
from the Latin word vncidere, which racana to cnt, and 
it is with them wo bite bread and tipples, where the firsl 
business is to cut. It is with the same tooth that lazy 
little girls bito their tlircad, when they will not take the 
trouble to find tlieir scissors ; and, by tlio by, this ia 
a very bad trick, because by robbing them one against 
another in this manner we wear them out, and, as you 
will WDon discover, wornnant teeth never grow again. 

The next sort oi-e those little pointed teeth, which 
come after the iViiJw?'-', on each side of both jawi3. You 
will caailv find them ; and if yon iTCsa against thera 8 
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little, yon will feel tlicir poiuts. If wc cnll tlie first sci 
the boivea of the mouth, we may call these its forks. 
They serve to pierce whatever requires to be torn, and 
they arc called canine tootli, from tlio Latin word ormis, 
a dog, because dogs make great use of tiicm in tearing 
their food. They place their paws upon it, and plung- 
ing the canine teeth into it^ pull oS pieces by a jerk of 
the Lead. Look into tlic inoutli of papa's dog: joj 
will recognize these teeth by their rather curved points. 
They are longer than the rest, and arc called fangs. I 
do not know, after all, why they UaYC chosen to narao 
these teeth oanitic, as all caraiTOrous animals have tlie 
same fangs, and in the lion, the tiger, aad many other 
specieg, they arc muck more developed anil sharper tlian 
in the dog. In c&ta they are like little nails. How- 
ever, tlia name ia given, and -wo cannot alter it. 

Tlie last teeth, wliieh are placed at the back of tlie 
jaw, are called molai-a, from the Latin word moh; wliicb 
means a miUstonQ. 

You must be prepared to meet with several Latin 
words a3 we go en ; but never mind ; this will give you 
the opportanily of leai-ning a little Latin, and eo of 
keeping your brother in order, if ho ever looks down 
upon you becatiso he is learning Latin at school. Tor- 
raerly, all learned men wrote in Latin, and aa they mled 
supreme in all such subjecta as those wc are dlseussing, 
they gave to everything sach namis as t5iey pleased, 
without consulting the public, who did uot just then 
trouble their heads about the matter. Now they pire 
Greek names, which can hardly be called an improve- 
ment ; but if thcy ever wish to attract the attention of 
little girls thcy naiist translate their hard words into our 
own laDgiiagc. 

To return to our grinders : thcy perform the earao 
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office as a miller's millgtoac ; tJiat is to say, thoy grind 
ovcrjtiiiiig that comes in theii' ■wn.y. These tcelli Imva 
fiat, square tops, with little inequalities on tlie surface, 
wIiIcU yon can feel tho momcut you lay your finger on 
them. These are the largest and strongest of tlic three 
sets, and with them we evea cxack nuts, when wo prefer 
tho riijk of breaking our teeth to tliC5 trotible of looking- 
for the aut-crackers I 

Now, I will answer for it that you cannot explain lo 
ma wliy we alwaj-s place what ia Iiai-d to break lietwcen 
the raolars, and uover employ tlio inchoi's in tbo work? 
Aod yet everybody does this alike — ■from the child to 
the grown-up man — and all equally without thiaking of 
what they arc doing'. 

I wil' tell yoii tho reason, liowever, if yon will first 
tell me why, when you are going to snip oD" the tip of 
your thread (wliicli offers very little resistance), you do 
it with tlic point of your scissors ; whereas you put any 
tougli thing wliteh is likely to resist strongly (n, match, 
for instance) dosa up to their hinge ; particularly if yon 
have no scruple about spoiling the scissors, by the way I 

If you were a grown-up lad, and I were teaching you 
natural pliilosopliy, I should hare here a liao opportunity 
I'or esplalniiig what ia called ike tJisonj of ihs levor. 
But I think the ikem-y of the l&ver would frig-hten you ; 
BO we must get out of the ditBeulty in some other way. 

I find, however, that I have been joking so much as I 
went along, that I have but little space left, and feel 
quite nshamcd of myself. We seem quite unlucky over 
^Gso teeth. 

I liavo already been scolded by people who arc not 
altogethci" wrong in accusing mo of losing; my time in 
chattering-, first of one thing and then of anotLcr. Tbcy 
oomplnin that by thus uibldiug at every blade uf grass 
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on the way-side wo shall never get to the end of our 
journey ; and thero is some truth in what they say. 
Still, I will whisper to you in excuse that I thought wo 
might play truant a little bit while we were on familiar 
ground, where naturally you were sure to feel a particu- 
lar interest in everything. The hand, the tongue, the 
teeth — these are all old friends of years — and I thought 
you would like to hear all about them. By-and-bye we 
shall be in the little black hole, ant? then wo shall get 
on much more rapidly. 
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I lEFP off at the molars, which are the teeth one se- 
lects to crack nuts witli ; and if I remember rightly, wc 
talked about different ways of cutting with Bci'isors. 

Let u3 look at the Buhject from a diatance, that wa 
may nnderstand it more cleai'ly. Let us imagine a horse 
di'awing a heavj cart slowly along'. Ast it to gallop, 
aad it will answer, " With, all my heart 1 hut yoa must 
give me a lighter carriage to draw." And now fiiaey 
another flying over the grofind with a gig behind It. 
Ask it to exchange the gig for the cart, and it will say, 
" Tes ; but then I shall Lave to go slowly." 

Whereby you see that with tho same amovint of 
Btrength to work with, one has the choice of two things : 
either of conquering a great resistance slowly, or a slight 
odc (juickly. 

And it is paj*tly on this account, dear child, that I 
toacli you so gradually ; for young heads, fresh to tho 
work, ure Icaa easily di-awu along than others, and have 
but & certain ajnount of strcnsth. 

Hitherto eU has been clear as tho day. Now take 
yonr acissora in your left band ; hold tho lower i-ing of 
*ie handle firmly between your thumb and closed hand, 
' it tho blade shall Ticmain straight and immovable : 
with your other hand cause the uppct vvo^ ^o ??» "^^ 

3 1^4'ii 
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and down, and watcli the blade as it moves. The wTtoIc 
of it moves at once, aud ia pat in motioQ ay tiie i^amQ 
power— riz,, your light hand. But tho point makes a 
long circuit in l!io air, wliilo tbo hinge end makea only 
a very little one — imlueJ, movea almost imperceptibly : 
and, as you may imagine, a different sort of effort is ro- 
qmrcd from the motive power (jout Tmad) according aa 
resLBtance ia made at the point or at the hinge. The 
point goes full gallop ; it is the horac in the gig ; tlie 
Uglit work \3 for him. The hinge moves slowly ; it is. 
the cart-hoi-sc, and taltcfl tho hoary khor. 

I hope I liavo mtide you undcrstaQcl this, for it explains 
tho cracking; of our nut, tliough yoti may not suspeet it. 
Move your BCKSors once more in the same way. Now, 
yon liave before yoQ the pattern of tlie two jaws on one 
side of your face, from the ear to the nose ; the nppei 
one, which never moves (as you may convince yourself 
by placing a fiagor oa your nppcr lip when you cither 
speak or cat), and the lower one which goca up and 
down. Two paiiy of eciesora Bflt points to points give 
you tho whole jaw. Tha inei.so}'8 are at the points, they 
gallop up and down, and are wort!de&3 for doing hard 
work ; tho molars aro at the liinges, and move slowly ; 
and if anything tough lias to Ire dealt with, it eomes to 
them as a matter of course ; hence tlioy are tho nat- 
crackera* You must own that it is pleasant to reflect 
thus upon what we are doing every day, and the next 
time you see a stonemagon moving stones of twenty times 
his own weight with his iron bar, ask your papa to ax- 
plain to you the principle of tho lever. After what 1 
have told you, yoa will understand it very readily, or at 
least enough of it to satisfy your mind. 

But, besides this power of moving up and down, tlie 
lower jaw posatsse^ another laaa obvious one, bj moaoB 
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of which it goes from riglit to left. Tliis is precisely 
wliat uaiigbty childrca mjikG uae of when they grind, 
their teeth : not that I mean this remark for you, Top I 
have a better oplniou of you than to suppose you do such 
things, 'f hose who make such had iug of their jaws de- 
serve to lo30 till power of ever moving them ilius, and 
then they would iiud. themaelTCa sadly at a loss lio^v to 
chew their liread — ^for their molara would be of but littlfl 
service to tUem in auch a case ; as it is chiefly by thia 
BOcoDd action of the jaw that the food is pounded. Try 
to chew a bit of bread by only moving your jaw up and 
down, and you will soon tii'e of the attempt. 

One word more to complete my degeription of the 
tcoth : that portion of them wliicli is in the jaw is called 
the root; and the incisors, which cannot work hard bo- 
canse, like the gig-horsra, they have bat little resisting 
power, po33eaa only small and short roots ; wliereas the 
caninM, whose duty it is to tear the food sideways, would 
run the risk of being dragged out and left sticljing in 
the substances they are at work upon, if they were not 
well seem-ed ; these, therefore, have roots which go much 
deeper into the jaw, and in consequence of this they give 
'J3 more pain than the othera when tlie dentist estracta 
them: those famous eye-leeOi, which so ten'ify people on 
each occneions, are the canines of the upper jaw, and lie, 
in fact, jast below the eye. 

The molan meanwhile would be in danger of being 
shaken iu the sidoway moTement, whilo chewing": ao 
they do as you would do if you were pushed aside. Now 
you would throw oat your feet ri^ht and left in order to 
steady yourself, and thus the molars, whieh have always 
two roots, throw them out right and left for the same 
purpose. Some have three, some four, and they require 
no less for the biisine.?s they have to do. 
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Abovo tlis root comte what is calloJ tho erO"^n ; that 
13 the part of the taath which is espo-aed to the aii' ; thfl 
part which does thfl work, and wMch boaiy the brant o: 
all the rabhing;. Now, however hard it muy be, it wonlc 
aooa Olid in being worn out by all this fun if it were nol 
coTBPed by a still harder sabstanco, which is called 
emimd. The citamel which forma the coating of chiaa 
plates, anil which you can taslly diatiaguiah by examin- 
ing a broken plato, will give yon a very exact idea of it. 
It i3 thia enamel which gives the tcotli the poliah and 
brilliancy we so much admire, and it is desirable to be 
very careful of it, not oat of vanity, though there ia no 
objection to a little vamty on the snt)jci;t:, but because 
"the enamel t3 the protector of tlie teeth, and when ttiat 
ig destroyed, you may say good-bye to tho teeth them- 
eelvea. All acids eat into tlie enamel, as vincfra-r or 
lemon-juice does into marble ; and one of the be^t means 
of preserving thi^ protecting armor of the teeth ia never 
•to eat the unripo windfalls of fruit, which I liavo seen 
uureasonable children pick up in orehardg and dcvoui so 
recklessly. Tbey give Bufficient warning, by their acidity, 
that tliey are not fit for food, and whoa this warning is 
neglected, they take their revenge by corroding the 
enamel of tho tocth ; not to speak of the dlstm'banco 
which they afterwards cause in the poor etomacli. 

I said that without this coating of enamel, the teeth 
would be prfimatorcly worn out, the reason of which ia, 
that tho teeth have not the property of growing ag'ain, 
aa the nails and hair have. When those little gcrtna of 
which I epoke when we began to describe tho tooth, have 
finished their work, they perish and fall out, like masons 

wlio, when they have built the house, take their depar- 

liu'o forever. 
lint the " forever " wants explanation^ For such stem 
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condltioTis would fall hard on V€ry little cliilclrcn, -who, 
not having come to ticir reason, cannot be expected to 
ondopstand the gtGi\,t value of their teeth, and take all 
tiic caro they need a£ them. So to them a second cba.ii.ca 
is given. 

Yonr first teeth, iLc iiiilk-ifdh, as they are called, count 
for nothing : they are a kind of specimen, just to Berre 
while you arc very youag. 

When you arc approaching what Ls called the age of 
reason, (and tliia word implies a. great deal, my dear 
child,) the real teeth, the t-ceth whicii are to servo you 
for life, hegin to whisper among themselves, "Now, 
hero ia a little gb-I who is hecoming reasonable, and 
who will soon, or gIbo never, be fit to tatec!iarge of her 
teeth." No Booner said than done : other masons set to 
work in other cells, placed under the first set, and na 
tl]e permanent teeth keep growing and growing, they 
gradually posh out the milk-teeth, which were only 
keeping their places ready for thcni till they camC. 

This is just your ease at present, and you qow under- 
Eland yonr responsibility, and how necessary it la tc 
prt'sorvo those good teeth wMcli have placed so generous 
a coniideuco in your care of them, and which, once gone, 
can Bover be replaced. 

You liavc HO loss by the exchange ; you Lad twenty- 
four at lirst, you will now have twenty-eight. Twenty- 
eight, did I sa-y 1 nay, you will have tbirty-two ; but thp 
last four will come later atill. The last molars on each 
Bide, above and bolow, in both jawa, will not make their 
appearance till you are grown up. They are a fostidi- 
ons and timid sot, and will not ran any risks ; and they 
aro called wisdom-teeth , because they do cot appear till 
lure are supposed to have arrived at years of discretion, 
me people do not cut them before they nre thirty, and 
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you will agree that, if tlioy liavc iiot become wise by 

that time, tlej liave but a very poor uliance of over 
being so I 

Tlere is mueli more still to be said about the tcetli ; 
but I lliiok I IiaTQ told you qnitc enough to teach jou 
the importance of thcac little bony possessions of yoms, 
which children do not always value as they deserve, and 
whose safety they crulaiiger a^ carelessly ns if they liad 
frosh aupplieg of them roady in their pockets. If fcio 
many sltilful contrivances have been devised for enabling 
Hs to masticate oar food properly, it is clear that this 
process is not an unimportant one. Tlioao, tLerefore, 
who swallow a motithful after two or three tnrns, forget 
that tliey are Lliercby forcing tlic stomach to do the 
work tlie teeth liavc neglected to do, and this is very 
bad economy, I can assure you. You will sec hereafter, 
when wo speak about animals, that by a marvcllona 
compensation of nature, the power of the atomach is 
always great in proportion to tho mcfficiency of tlio 
teeth, and that by tho same rule, it is woakeat when tho 
jawa are best furnished. Now, no jaw is more com- 
pletely furnished than tlic human one ; it ia clear, then, 
that it should do its own work and not leave it to be 
done by those wlio arc less able : and the littlo girl who, 
in onlcr to finish her dinner more (luickly, shirks tlio 
nae of her teeth, and senda food, half chewed, into her 
stomach, ia like a man who, Iiaving two servants, tlio 
one strong and vigorous, tho other feeble and delicate, 
allovrs the first to dawdle at Lis case, and jiuls all the 
hard work on the other. He would be very unjust in 
BO doing, would ho not? And as injastlcc always mcotfl 
with its reward, his work is sure to bo badly done. 

Now, the work in question coi^ista in rcdacing what 
wa cat into a sort of pulp or Uqaii paste, from which the 
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fjlooJ eIL^a^,ts at last wliatcver it requires, "But tiie 
toctU may bite and tear tlic materials as thc^ pleaae, 
llicj? can inako natlimg of them but a powder, wliicii 
would never turn into a pnlp, if during tlieir laiiora tlioy 
were uot assisted by an indispensable auxiliary. To 
inalcQ pap for infauta what do ws add to the bread after 
it is cut in little liils 'I Without b«iog' a very clover 
cook, you will know that it is water wliicli is wanted. 
And thus, to assist us la making pap for the blood, 
ProviileacG liaa furiiiabcd us with a number of small 
spongy oTgana witbin tfie mouth, which are always filled 
with "water. These ara called sallvanj ylands. Tliis 
water 0OZC3 out from thccn of itself, on the least move- 
ment of the jaw, wlicli presses upon the sponges aa il 
goes up and down. The name of this water, as I ncod 
scarcely tell you, ia saliva. 

Wlien I call it water, it ia not merely from its resem- 
blance ; saliva ia really pure water mth a little albumen 
added. Do not be afraid of that word — ^it is not so 
alarming as it appears to be. It means simply the sub- 
s-tancc you know as the luhito of tytjf. There is, alao a 
little Boda in tlie water, which you know 13 one of the 
ingredients of which soap ia made. And this explains 
why tho saliya becomes frothy, when the checks and 
tongne set it id motion in the nioutli while wc are talk- 
ing ; just as the whites of egg, or soapy water, become 
frothy when whipped up or beaten in a basin. 

But the albumen and the soda have not been added to 
the saliva, in our case, merely to make it frothy ; that 
woald have been of very little use. They give to tho 
water a greater power to dissolve the food into paste, 
and thns to begin that series of transformatlona by 
which it gradually becomes the fino red blood wliieli 
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flhoira itself in little drops at the tip of your finger 
when you have been using your needle awkwardly. 

When once minced up by the teeth and moistened by 
the saliva, the food ia reduced to a state of pulp, and 
having nothing further to do in the mouth, is ready to 
pass forward. But getting oat of the mouth on its iour- 
ney downwards is not bo eimple an affair as getting into 
it by the_;^on( door, as it did at first. Swallowing is in 
fact a complicated action, and not to be explained in 
half a dozen words, and I think we have already chatted 
enough for to-day. I only wish I may not have tired 
you out with these interminable teeth ! IJut you may 
expect something quite new when I begin again. 
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You remember a certain door-keeper, or porter, ol 
whom yfc hare already spoken a good deal, who resides 
in tEie mouth — the sense of taste, I racaii ? 

Well, it is a porter's liusineaa to sweep out the en- 
trance to a, lioiise, and you may always recognize him in 
the courtyard by his broom. 

And accordingly our porter too has a hpoom specially 
placed at his serrice, namely, the tongue j aud an un- 
rivalled broom it ia — for it is self-acting, never wears 
out, and makes ho dust — qnalitica we canuot succeed in 
0-btaifling in any brooms of our own manufacture. 

When the timo iias come for the pounded mouthful 
(described ia tho last chapt&r) to truYcl forward (tho 
teeth having properly preparfld it), the broom begins i(g 
work ; Bconring all along tho gums, twisting and turning 
right and left, backwards and forwards, up and down ; 
picking up the leaat grains of the pulp which have been 
manufactured in the mouth ; and as the heap increases, 
it makes itself into a shovel — another accomplishment 
onO would scarcely have expected it to poasess. "What 
it gathers together thus, rolls by degrees on its surface 
into a ball, which at last finds itself -fixed between the 
palate and the tongue in sucli a raauucr (hat it cannot 
(acape ; at which moment tho tongue presses its tip 
3* ™?^ 
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against tlio upper front tcetii, fonns of ilself an incUn-eil 
plaue, and ■ but stop ! wo aro getting oq too fast. 

At the back of tho tnoutb, (wliich is the antecliaraber, 
03 we said before,) is a sort of lobby, separated from the 
mouth by a littlii fleshy tongucZef, sagpcndcd to the pal- 
[*tO| Gsactly like those tapestry cai-tsLius which are some- 
times hung botwoon two rooms, untlcr which one is ena- 
bled to pass, by just lifting th'Cin up. 

If this lobby led only £rom the month to the atomacli, 
the act of swallowinjj would be the simplest thinn: id 
tho world ; the tongue would be raised, the pounded 
ball would glide on, would pass under tho curtain, and 
then good-bye to it. Unfortunately, however, the archi- 
tsct of the liouac seems to havo ocopomized bis coostruc- 
tiou-apparatus here. The lobby servos two purposes; 
it is the passage from the mouth to the Btomacb, as well 
oa from the nose to the lungs. 

The air we brea-tbe lias ifa two separate doors there — 
one opening' towards the nose, tlie otlier towards tho 
longs ; through neither of which is any sort of food 
allowed to pass. Bat, aa you may imagine, the food 
itSiGlf knows nothing' of aitch spitoftil restraints, and it 
is a matter of perfect indifference to it through wliich 
of the doors it passes. Not unlike a good many chil- 
dren who, though ihcy are roaaouablo creatures, will 
push their way into places whore thoy have been forbid- 
den to go ; and who can expect a jiidpy food-ball to bo 
more rcnaonabic than a child? It was necessary, therC' 
fore, 90 to arrange matters that thcr<! should be no choice 
on the subject j that when tho food-ball got into the 
lobby it should find no door open bat its own, namely, 
that which led to the sstomach. And that is exactly 
what is done. 

Yon have not, perhaps, remarkedl tliat in tho act o/ 
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Bwallowing, Bometlilng rises and contracfs ilsdf at. tlio 
Game moment in your throat, producing a kiutl of inter- 
nal convulsion ■vcluclijcrta whatever is inside. People 
do not tliink about it wlieii tliey arc eating, bcca«3o it is 
an involuntary action, and their attention is otherwise 
eng-ftged. 

But try to STvtillow wlien there is nothing in your 
month, and yon will porcolvc what I mean at once, 

NoiT, imagine onr lobby at tlie back of the throat aa 
a small closet, with a doorway in its wall, half-way np, 
the doorway being closed by a cm-taln. In the ceiling 
is a lole, which leada to the nose ; in the floor two largo 
tubes open out ; the front one leading to the lungs, the 
one behind, to the Btoraach. 

Now awallow, and I will tell you what happeiia. Tho 
curtain riaea up and clingg to the ceiling, and thoa the 
passage to the nose is stopped up. Tlie Intig-tube rises 
along the waU, and hidGs itself under the door, contract 
ing iteelf, and mating itself quite small, as if it wished 
to leave plenty of room for the mouthfat of food which 
is about to pass over it ; and, for still greater Becurity. 
at tlio very moment it rises, it pushes against a small 
trap-door wMcli shuts up its mouth. No other road re- 
mains, therefore, but tlirough the tube which leads to 
the stomach; the pulpy mouthful drops straight therein, 
without risk of mistake, and when it ia once there, every- 
thing readjusts itself as before. 

These are very ingenious contrivances, and I will 
veatiu'o to say that if we would but study the wonders 
of the marvellous and varied machinery which is con- 
staady at work in our behalf within us, wo should be 
much better employed than in learning things from 
which Qo practical good can bo derived, Moreover, wo 
Hhoald bo aahamed to truat, llko the lower animals .ottl^ 
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to OUT instiDCt, (wliicb, tSt^t all, is much loss doTelopeil 
in lis than in them,) for blindly escaping the thoiasand 
chances of destruction that besot a stractUTB bo fragile 
and delicate in its contrivancra as tlio human liody. 
Bpsides, it is not only our own macliinory that is en- 
trnated to os, we are liable to be respoaaible for that of 
otlici's, wli03e derelopmcnt it ia our duty to guard and 
watch I and how can we do thia with a saJc cooaciencCj 
if we aro ignorant of the construction, the action^ tliB 
lawa of all sorts which the great Artificer hoa, bo to 
speak, niEidfl mo of in forming our bodicH? 

"When yoa, in your turn, are a mother, you dear littla 
POguB, who ait there opening wido your bright oyea, and 
not coTDprelionding a word of what I ara saying, you 
will bo glad that you wero taught when you were littJe, 
liovr your own little girl ought to be managed. You 
will find a hundred opportunities of making good use, 
in her belialf, of what you and I aro learning' together, 
find in the meantime thoro ia no rea^^on why yon shoald 
not yourself profit by tho know lcd;^c you have gained. 

I an quite sure, for instance, that in repeating to your 
child the simple rule of poliloneag, with which everybody 
Is acquainted, " Never talk when you a}'e eating,^'' you will 
be Tery careful to add, " aiid esptxialli/ when i/ou am 
swallowhij'" fur reasons I am about to detail. 

When we want to apeak we liavo to drive the air from 
the lungs into the moutii, and our words are Bounds pro- 
duced by thirf ciir aa it passes through. This is the rea- 
son why I advise you to go on, gently, and make tho 
proper stopg in reading aloud: to take hreaih, in. fact, aa 
it 13 called ; otherwise, breath would all at once fail 
you, and you would be obliged to stop short in tha 
midillc of a Bentencc and wait like a siinpleton till you 
had refilled the lun^js with air by breathing. It was for 
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tliis porpMe, alao, and not for mCre economy 'e Ealce, as 
yoa may have tLouglit, tliat tke little croas-road of four 
doora h!Ls been placed at the back of tho racmtfa, enabling 
it to commaaicato at pleasure with either the liings or 
the stomach. It is a dangeroua passage for fuod-parC'els 
mating their way to the stomach ; but if you could sub- 
stitato for it, 03 it may have occurred to you to do 
lately, aaimplo tube going direGtly to the atotnacL,- — be- 
hold ! you Tyould Und yourself dumb ; — a aerious miafor- 
ttxne, ch ? for a lltUo girl ! Bat come, I am (luiazing too 
much, so console yourself. I know many guowQ-up peo'- 
plo who would be at least as sorry aa yourself. 

To return to our subject. We have said that, in order 
to guard against occidunts, the lung-tube is closed at the 
moment we aa'e about to swallow. But if by any nnlucky 
chaace the air is coming up Irom the lung's at the same 
raomcnt, it must have a free passage. Its tube cannot 
help returning to its place ; the littla trap-door ■which 
sliatd up the opening opOn3 whether or no, Stnd then 
adieu to all the precautions of good Mother Nature 1 
The mouthful when it drops, falls outside of its proper 
tabe — that is to aay, into the other, which is exactly in 
front of it, and we find that wo havs swallowed the 
wrong way. 

You know what happens in such a case. You cough 
and cough till you arc torn to pieces, till you grow scar- 
let, or oTCa blue in tho face ; till you lose youi- breath ; 
till your body tremblea ; till your eyca start out of their 
sockets. Let who will be there, there is no resource but 
to hide your face in your handkerchief. The tube, which 
was only made for tho jiaBsage of air, on finding an in- 
truder forcing an entrance, does Its utmost to di'ive it 
Iiacb through the door. Then the lungs, which would 
fae destroyed by its getting to tliem, come to the assist- 
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anco of tlie faithful scrtant who is straggliug for tlioii' 
pxi>tcction : tlicy agitate tUemselvM Tiolontly, and send 
forth gusts of air which drive all beforG tliem. Thcnca 
arises tlie cougli, and by thia means at lost Ihe Gneiaj is 
thrust out of tho mouth, like da^t before the wind. And 
it ia 0QI7 when tlie passan;os arc clcareJ that tlie storm 
Bubsidea. But the commotion ia no laughing matter, I 
assure yoa ; for if one Lad awallowed a little too far the 
wrong ■\7ay, ov if tlio substance swallowod had heea too 
heavy for tho air-tube, aided by tlie lungs, to ojcet within 
a certain time, death would hare ensued : instances of 
whicli aro by no means naknown. Nature does nothing 
ID vain ; thia is no ease of a man frightened by a mouse. 
When you find jom- whale being concentrating its efforta 
to one point, and betraying such distress, at an accident 
apparently ao trifling, yOn may bc Siiro there ia danger, 
and renl daugei- Loo \ and if you doubt it, that mak® bo 
difFerenee — liappily for you. 

Now you have learned why little girlg should not at- 
tempt to talk and swallow at tho eaino time, and, I may 
add, still less laugh ; for laughing is a "kind of somersault, 
performed by tiio lungs, and is always accompanied by 
the ejectment of a great deal more breath than is neces- 
sary in syjCaking, so that tiic Jerka it occasions derange 
still moro tlie wise provisions made to protect life when- 
ever we swallow anything, and tbcreibro wC arO morO 
apt to swallow the wrong way while laughing than while 
speaking. 

Need I eay that we ooght equally to guard against 
making others laugh op talk ; or exciting, or frightening 
them, fflii!e they are swallowing ; in short, avoid doing 
anything to create a sudden shock which might suddenly 
force the air out of their lunga, and cause tliem iu tlio 
Same manner to swallow the wrong way? Politencaa 
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requires this fi.'om us, and what I have now said w\ll fix 
tho lesson still more strongly on yoor mind. "Wha*. 
would become of you if you were to see a person die ii 
your presence in consequeace of some foolish joke, how 
«!ver apparently innocent ? 

Not to conclude with so painful a picture, I will, be- 
fore we part, give you the right names of the curtain, 
the lobby or closet, and the tubes of which we have been 
speaking. 

The curtain is called tho Soft Palate. 

The lobby, the Pfiarynx. 

The tube which leads to the stomach, the (EsojpKague. 

The tube leading to the lungs, tho Larynx. 

The opening of this tube is the Glottis, and the little 
trap-door which closes it when one swallows, is the Spi- 
glottis. 

You must excuse my attempting to explain the mean- 
ings of all th^e names ; it would take me too long to 
do BO. After all, the mere names are nothing. If I 
have succeeded in making you understand how all tho 
diflferent parts act, you may call them what you like. 

Here we will rest. We are now on our way to whero 
we shall see the large apartments, and be introduced to 
tho master, that head of the house, whom ro one can 
approach witltoat so many ceremonies. 
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OtrOB in the trsapha^ns (j-ou remember th'ia ia the 
name of the tube wliicli kaJa to t]ic atoraacli), the mouth- 
ful of food has notliing to do but to proceed on its -way. 
All aloag this tube there is a succession of small elastic 
rin^,* which coutrict beliiad tho food to force it for- 
ward, and widen before it to give it free passage. They 
thna propel it forwardf oae after another, till it reaehra 
the entrance to the stomach, into which the last riag 
pushes it, closiag upon it at the same time. 

Have 70U ever observed a worm or a leech in motion? 
You see a succ(ssive swelling' ap of the whole surface of 
its body, as tho creature gradually pushes forward, just 
as if there waa something in its inside rolling nlonj; irom 
tho tail to the head. Such is precisely the appearance 
which the cesojrhagtta would prescDt to you, as the food 
passes down it, if you had the opportunity of seeing it in 
action ; and thia has been called the vertnisular mmeh 
mcnt, in eonsequcnce of its reserabianco to the movement 
of a worm , 

Here I wish to draw your attention to the very In*- 
portaut fact, that this movement is in one respect of a 
quite different nature from that of your thumb whea yon 
take hold of a bit of bread, or that of your jaw nrlien. yon 

" Fropetlr, coniractUe drcular fbnt^ 
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bite with your teeth, or of your tongue, &c., ■when yon 
swallow. All tliese actions belong to yoiu'sclf, to a cer- 
tain astont ; tkey are voluntary, aud nnder your own 
fruliiancii ; that is, you may perform them or not, aa you 
clioose. There k a constant coiincsioa fcetween yon 
and tlicnii and yoa Isticw what I mcaLt at oneo aa 1 
named each of thoni iii auceessioa. Eat in speaking of 
this other movement wc enter upon another world, of 
which yon know nothing. Here is the black hole of 
wliicli I spoke. The little rings of the csaophagm per- 
form their work by theniselyea, and you have no power 
in the matter. Not only do they move independently 
of you, but were you to take it into your heed to stop 
thcan, it would he about aa wise a proceeding aa if yo« 
were to talk to them. Wo will speak hereafter, in an- 
other place, of these impertinent servants, who do not 
recognise your authority, and with whom we ahall have 
constantly to do, throughout what remains to be said on 
the subject of eating. The truth is, your body is like a 
little kingdom, of which you have to bo the queen, bnt 
queen of the frontiera only. The arms, the legs, the 
lips, the eyelids, all the exterior parts, are your very 
hnmble aervants ; at yOur slightest bidding they move 
or keep still : your will is their law. But in tho interior 
yoti arc quite unknown. There, there is a little republic 
to iteelf, ruling itself independently of your orders, which 
it would laugh at, if yon attempted to issue them. 

This republic, to make use of another metaphor, is the 
kitchen of the body. It is there they make blood, aa 
they know how ; putting it to all aorta of uaes for yonr 
advantage, it is true, but without your consent. You 
are in the position of tho lady of a houao vrhoae servants 
liavc s!i«t tho door of the kitchen in her faco that tliey 
may carry on tiieir businGsa after their gwii fashioi^ 
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leaving; only tho hoii&emaid and eoacliman at lier com 
maud. It luay ba ImmiHating, perbaje, to be tkins only 
partially mlatreas at home ; but what can yoii do, my 
little d*:'ini-i|ucon i I will tell you: make up your mind 
to govcra tUo siibjecte under your orders as iviaoly aa 
possible ; aad, aa to the rest, bo content with the onlj 
resourc& left you : viz., that of looltiiig in at the wladow 
of the Idtclien to see wha-t gora ou there I 

The stomach is the head eoolc : the prcaidont of the 
intenml rejjublie. He has char^G of tlio stovea ; tho 
"wholo weight of affaira is on hie. hands, and he provides 
for the intoreata of all. iEaop taught us this, long ago, 
in his fable of " The Belly and Metnbci-3."* It 13 a very 
good fable, and was wisely appealed to oqco by a Roman 
Consul £0 appoaao a diaturhaucc in tho State, But the 
application was not quite fair in OuO respect; ami sineo 
I have started the subject, I will satisfy myself hy ex- 
plaining to you where it was wrong. Tlio time wiJl not 
be wasted, for this fable has furnished information to a 
grciit many people about the economy of their insidesj 
and possibly to you ; and I should like you to know the 
exact truth of all the paTticularts alluded to. Whether 
JEsop understood them all, Icannot pretend to say ; but 
the application by tho old Roman to the quarrel between 
the big-wig seiiatoi'3 aiul the people was on one point 
decidedly unjust ; for there was, as far as facta are con- 
cerned, something to bo said on bohalf of the stomach, 
which Consul Meneniua seems not to have thought of. 



• La. FoTLtalno's tranglBtlon is quoted in tha Frflnch ori^nal. whera 
tho iiimiQ fff the faljlo is " 3Cesi6i- OastsF," a moro correct title tlinB 
ouruTrn, <7'tster ia n Oreok wonl Bignllymg Bbumacli ; and it ia 
Btrictly the atoTtiaeh wliicli ia meti/it in the fiiTjlB. From tliis cornea, 
to<^, t^ Tncdicbl term^'Ujnfifj tli'Snomaof adiBeetsoofthQatomaclL 
— Ta. 
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When you come lo Um part of tliQ Rcunaii IiiBloiy yon 
Tvill Icara tLat the Romaa Senate was a largo and fat 
sjtujnocli, wbicb did, it is true, furnisk good noui'isliineut 
to tbc other members of the Slate, but kept the Iiest 
sIiiLt'C for itaelf. We may eay tbla now witliOLit rLik of 
offeuce, it having been dead ibr so lonj a time. Our 
stomach 13 the leanest, eliglitost-, frailest part of om- 
body. It ia master in the senso in vliicli it is said in 
the Gospel, " Lot him that is iir^t among yoH be the ser- 
Tant of the otbers." ItTeeeirra everytliing, but it gives 
everything back, and keeps nothing, or almost nothing, 
for iteelf. Between ourselves, Consul IVrenemuB, the 
ailvocatc of the Senate, had no busineas to talk to the 
poor wretches at Romo of any comparison between their 
pjvernment and so careful an administrator of the pub- 
lic good as a hmnan fitomacli. lie should haye taken 
his snbject of comparison from the families of geese or 
ducks— animals wliieb have no tcotli. Those have strong', 
well-grown stomaeha — true Roman sonatoi-a — wlioao 
Btontncss is ia proportion to the work given them to do. 
Bnt man provides his witli work already prepared by 
chewing, supposing him to have had the sense to chew 
it, of course. It was not from a, comparison with man, 
therefore, thsit Mcncniua ought to have got his boaatcil 
apologue, which was but a poorjeat on the subject. 

Yon did not expect, my dear, to come in for a lesson 
on Roman History in a discnsaion on tlie stomach. But 
the Btudy of natore is connected witli everything else, 
though without appearing to be so, and I was not sorry 
to give you, incidentally, tliis proof of tlic unexpected 
light which it throws, a3 we go along, upon a tlicasaud 
qaestiona which appear perfectly foreign to it. Look, 
for example, at this old fable cited by Mcnenius. Foi 
the two thougaml years and upwards? that it lias been in 
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circulattoii, troops of historians, poets, orators, anci 
■\vrit«r3 of all kintLs, have passed it fonrarJ from ouc to 
the other, without having troubled tliomadlTea to inveati- 
gate the laws of nature ia connection with tKc^ stomacli ; 
therefore, not one, "that I am awaro of, has obsi-rvcd this 
small error, bo trifling in appearance, ao important in 
reality, which novertlieless i§ obvious to tiie fir§t young 
naturalist wlio thiakg the matter orer. 

But enough of the Romans. Let us retiirn to oar 
master — the head cook, if you choose to call him so. 

1 was tolling jou j^ist now that he managed the stoTW, 
and you may havo thought that I was merely using simi- 
les, ag I am apt to do, But not so : it 13 quite true that 
he cooks ; and so now toll mc, if you can, whence he 
gets his liro to cook with, or rather, to apeak more cor- 
rectly, who gives it to him ? 

Now you are quite puzzled, so I must help you ont. 

In the mansion we were talking about some time ago, 
to whom would any one who wanted to light a fire, apply 
for wood ? 

I tiiink you can answer this yourself, for yon cannot 
havo forgotten Our famons steward, who givCa Gvery- 
tbing to everybody. But, you will wonder, I dare Bay, 
how tliG blood eau carry wood in hig pockets, 

"Wood 7 Ay, and real wood too, as we shall soon see ; 
but it is not wood we are talking about now. The blood 
has Bomething more to the purpose than wood in his 
pockets, for he has heat ready made. So when the 
stomach wishes to act to work, it appeals to the blood, 
whicii comc3 running from all pai-ta of the body, and 
heats it so effectually that cvcrytliiag within is really 
and actually cooked. Thia is wliy one teels a sort of 
slight shudder down the back when the stomach hns a 
great deal to do at once, for the blood being called for 
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in a lioiry, comes nisliiog along in great gTishes, itntl 
cai-HKi with it the leat from tlio otkei- parts of the body. 

It ia for this reason, too, that It is so daDgei'ous to 
bathe wlien the stomach is sit work cooking, because the 
cold of the water drives Budilonly buck all the bloot^ 
wliich L(i3 accamulated around tlic Httla saHcepan, and 
this caases sncli a slioek in the body that peoplo often 
die of it. 

Do not ask me, to-day, where this h-eat of the blood 
comes from ; wo will spcak of that hereafter. Bat 1 
may tell you at on<!0 that our dear steward is nit n liit 
cleverGr in tliB matter than other peoplG, and obtains 
hia lieat, like the humblcgt mortal, by burning his wood. 
Do not puzzle yourself to find out how. Enoiigh that 
he bums it aa we do, and by a eimilar proems. 

"Well, ia one way or another, tho master cook liaa his 
lii-e at coramaiid. You know also, already, what it ia ho 
has to get cooked ; namely, the pulpy stew, which iag 
begun in tlie mouth by chewing, and which, it is his busi- 
ness now to finish perfecUy. Now see what a cook doos 
who has got her stew over the fire. She turns and turns 
it again and again, and shaltes the saucepan from time 
to time, that tho ingredients may be more thoroughly 
mixed up together ; and this ig prciiisely what is done 
by the stomach ; for all the time that the cooking i& 
going on, he ewella and contracts himself alternately, 
after the fashion of thoao ringa of tho tmophagus wa 
were talking about, tossing and tumbling tlio foo3 from 
one eido to another, ao as to knead it, aa it were. 

Again, the cook adds water to her stew from time to 
timo to keep it moist ■ and so tlte otoraach pours con* 
Btatitly upon hia atew a liquid, which coutaius a great 
dfial of water, and which flows in from, a quantity of 
lUtie holes, aunk in hia delicate coats. 
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What more ? 

The cook \)uta in a little salt : and this Lhe Btoiiia.ch 

takes care not to forget eithfiTj for lie is fl. cook wlio uii- 
dci'standH Lis business, In tlie liquid of wLicL I ain 
epeaking, there is, if Dot exactly salt as one seat it at 
table, at all events the most active part of salt, thai 
which possesses in the highest degree the property of 
reducing everything wo eat to a paste ; and thia is the 
real reason why wc find all food so iiisipi d which haa not 
hccu BcasoncJ with salt. As salt contains a prluciple 
esBcatial to the work to be done by tho atomach, acme 
method had to be devised to induce us to provide him 
with it, and thia method the porter ap above has hit 
upon. He makes a faco if we offer lum anytljiog with- 
out a littlo salt ou it, ae much as to say — "How can 
you expect them to cook you properly down Ijelow, my 
good friend, if you don't bring them proper materials ?" 

tJpon which hint men have always acted IVooi tlic be- 
ginning ; and as far aa wc can tface history baek, wo 
■find thern mixing salt wiih their food, tho u,i;b without 
knowing the real reason why. It is the same, too, ffitli 
the lower animals. They know nothing of tlie matter 
cither, but this does not prevent their having a nataral 
relish for salt, ns any ono will tell yoa who has the 
charge of cattle; for their stomachs require for their 
cooking the very same seasoning as our own, and there- 
fore their porter above has received the game orders. 

Salt is not tho only thing, however, that exists in that 
liqiud in the stomach. Leanicd men, after making mi- 
auto rCsQarchea, have fotmd in it another equally power- 
fol material, which k also found in milk. Therefore 
cheese, which contains this material ag well as salt, is 
quite in its place at the end of dinner. It fitrnislies re- 
inforcements for the atomach in cooking, and this in why 
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yon BO oftea bear people say that ti little cliecfle helpa 
tlie digeslioQ. 

The digestion 1 Yea, tiiat 13 tiio word I ought to hayo 
begun with. It is the real uatno of all thLj cooking ; an 
operation after which I would defy you to recognise tho 
nica little catra you havo eaten, any better than your 
mamma caa trace her pretty roay-clieeked applos m tho 
jelly which she left on tho fire two hours ago. Tie 
stomach, as you aoe, ia very busy quite as lonp; a time aa 
that, auJ if WC liave to be very careful (as I pointed out 
bcforcj not to dietui'b him too suddenly ia his work i\l"ter 
dinner, it ia also important that wo should not, while at 
dinner, give him more work to do than ho is capable of 
doing. Although ho is tlio mastor, lie is but a puny fel- 
low, as I liavo already pointed out j nevertheleas, ha 
works couscicntionsly, because he kuowa that the life of 
the whole body depends upon Lis exertions. Some pco' 
pie even say that ia spite of his leanness be strips himself, 
at each dig'Cstion, of his intonorsldji, which lie sacn&cea 
to Ilia work, and the fragments of which tend to increase 
and tmppovG the stew whieh is entrusted to hig care. 
Think of this, my dear, whenever a greedy iit comca over 
yoa, and recollect that sach a disinterested public fmie- 
liouary deserves some consideration. Besides, there is 
Ecrious danger, qnito apart from any question of injus' 
tice, in overwhelming Iiiin with work. If your legs arc 
wearied out, you havo it in your power to lie in bed. If 
your arm is in pain, you can keep it at rest Eut your 
stomach ia like those poor people who havo to snpporl 
their familtea by tho labor of each day. Ho, too, labors 
for others : ho has no right to rest, no right to lie ill, 
therefore ; and when, ho begins to tail, woo betide yon— 
*"' have cnous 
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tliU, but you, my dear, are beginning to know something, 
and " scioncQ couatrains," i-e. it has its claims and re- 
qiuromonta. It requires you, to-day, not to be greedy, 
to-morrow, something else, and so on, continually, until 
you hQTO become quite reasonable and wise. I am sorry 
for you if tliis vexes you, but it was your own wish to 
learn, and scknix oonMrairtf.- Indeed,! will whisper to 
you iu confideoco that this is the best excuse people who 
aro unwilling to learn hare to offer for refusing. They 
do not know what learning may lead to, and what a pi^ 
it would be if they could no longer be greedy, or ill- 
LfttuKd, or selfish. What would beccuDe of as all in awA 
KtmseT 
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"We made a very long &tory of the stoinacli last time, 
my dear child ; and, after all, I see t!iat there was one 
thing I forgot to tell you — viz., Tvhat it is like. 

Have you ever eeeu a bagpiper, I wonder ? A man 
■who can-ics under liia arm a kind of large dark brown 
bug, 'wUicU Lo fills with air by blowing into it, and out 
of wliick be presently fortes tte aams air into a musical 
pipe by prfflsiog- it gently with his elbow, Ifyon never 
Baw such a thing, it ia a pity ; first, because the bagpipe 
was the national instrument of our ancestors the Gaule, 
and is religiously prraervcd as such by the Scotch High- 
landers and the peasants of Brittany — (two remnants of 
that iUnstrioaa race, whoao liistory 1 recommend to your 
coxerul perusal soma day) ; secondly, and it is this fact 
which haa the grerttcat iaterest for ua jtistuow, bccauae 
Uiat largo bag, which ia the principal part of the instru- 
ment, gives yon a -^ai-^ exact idea of your atomach ; for 
in fact it really and trnly is a stoiaach itself, and more- 
over, the atomacli of an animal vfhoae interior formation 
resembles youri very, very much. 

And who do you suppose ia this audaeloua animal, 
ffliioh iirosiimes to have an inaida so like that of a proity 
little girl ? Really, I am half ashaami to name bim, for 
fear you ehouM be angry with me for doing bo. It ia — 
it ia the pig! The resemblance is not exactly a flatten 
4 nai 
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ing one fo tou, perLaiia, but we arc all alike, and it 
would be worse than foolisb to grumble at beiug created 
as "we are. Moreover, there is one differftnce ; the pig, 
w!io tbinka of nothing but eating, has a very much larger 
Btomach than w« have, which is some consolation, at any 
rate. 

Piace the jtalm of your right hand on what is called 
the pit of the stomach, turning the eads of the fingera 
towards the heart ; your hand will nearly cover the 
Bpace usually occupied by the stomach, and yoa may 
figure it to yourself as a rounded and clong'atcd bag, 
bigger above than hclow, makiug a very dcciidcd beod 
iii?idc as it descends from the heart dowowacd j Bome- 
lliing like one of tboao long French pears, called "Boa- 
chretieng," if it were bent in the middle, and the "big end 
of it were placed nest the heart. Ab for the exact eize 
of the bag, there ia no telling it, for it depends upon cir- 
cnoistancus. It is a very conreuient bag in that respect ; 
just such 0. one as you would like to have in your frock 
for a pocket ; only there would be a danger of your be- 
ing tempted to put too many things into it. For as you 
fill it, it expands, and enlarges itself like an indJan-rub- 
bcr ball, which, though only the size of an egg to begin 
mtb, becomes as big as your head if you blow hard into 
it Then, as it gats, empty, it reeovers itself, diininiah- 
ing gradually in size in plait-like contractions. 

Wtien people remain too long witlioiit eating, they 
have, a3 they say, twinges in the stomach. Thia i^ be- 
cause the Btomach, becoming by degrees quite empty, 
and contracting more and more, the enrrounding parts 
^hich were sustained by it, lose their support, and strain 
at their ligaincnta, which now have all the weight to 
bear. Ca-rclcas people, who do not tbink of such things, 
«ro reminded by the twingiug paina that it is time to 
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2ftt, just 03 a carcleiis servant is called to order hy Ilia 
bell of ffhicli Ilia master htia pulled the string. 

In your case, my dear child, sucli warDinga are sooa 
attODded to, and yon Iiave not always even lo wait till 
they corae. Eat there are himtlreda of miserable beings 
■wlio arc warned to no purpose, who cannot obey tlia 
master when he calls for his rations, because they liavo 
nothing to give him ; and when this forced diaobediunco 
lasts too long, they end by dying of it. In cases like 
these, when human beings thiia cruelly periah, the stom- 
ach is (bund lu .be contracted till it is scarcely bigger 
than one's finger. 

On the otlicp hand, a man once died suffocated from 
excess of food, after one of those great public dinners, 
which last four, sis, or more hours — one can scarcely 
Siiy correctly how long — and the doctors who examined 
him foiiud hia atomach ao prodigiously enlarged that it 
alone occupied more than otic-half of his iosidc. 

A.= you perceive, therefore, the stomach has, properly 
ppcakingi no fixed size. Its sizo depends upon what 
there is in it. It is like those men whoso manners go up 
and down with their fortunes ; who seem very grand 
people when their pceketa are well HUed, but become 
very small onea when their purses are empty. There is, 
nevertheless, this difference lictwcon tliem, tliat such men 
are fools, because they arc men, and not ^ajs; whereas 
the stomach is a seasible bag, fulfiiling with intelligence 
the duties of its character ns a bag. It is very fortunate 
for U3 tliat it ia ready to change its size, aucording to 
the caprices of our appetite ; and dressmakers would do 
well if they conld get a bint from it bow to iinprove their 
Btylc of pocketa, which certa-inly cannot have loat their 
inventors any rery groat effort nf imagination I 

The way in which this extraordinary pockei empti'-:' 



76 



THE 6X0MACH. 



itself is not le»3 curious than tlic rest. As long aa ili- 
geation is going oUf the atomacli is firmly cloaoil at each 
end ; at the upper one by the last ring of the cssopkagus, 
Hfld at tlic lower by another ring of tho Bamo kind, only 
stronger 5 the watchfiLl guardian of the passage which 
lEjads to the intestines. This ring is called the pi/lorus. 

For once, here is a name which ngrees with our metlioQ 
of describing; the LumaTi machine, and I have ranch pleas' 
uTfi in translating it to you, althougli it ia a Greek word. 
Pylorus is the Greek for a porter ; and Our ring is ia- 
deud a porter lilte the one of which we have ilready said 
so much, and which I called last time the porter up 
ahove, in anticipation of his colleague below. 

Tlio porter up above pi-esides at the entrance j the 
one below at the exit, and botli for the Bamo pnrpoae, 
aamely, to iailc.'^ 

It may well astonish you, that you should have in 
your inside a taster who ia not accoantablo to yon ; who 
esperiencea Eensations of which you know notlungr and 
cannot even form an idea. Xct Uius it is. The pi/hrus 
actually tastes the paste which ia in the stomach, and if 
it 13 not to bia taste, that is to say, if the work of diges- 
tion has DOt sufficiently transformed it for use, ho keeps 
the door relentlessly closed. 

The porter up above Las a tliousand dLffcrcnt tiistes. 
He makra hia bow to meringues, and admits wings of 
cbickens. Friea, roasts, stewa, things tender or crisp, 
aweet and salt, oily, greaay, or sour ; among all kinda 



* It ffooM ba absurd to say so in tbe commim neceptalioa of tlia 
ttirm; but according itt Nu, t pf Mr. Mdyo'a "ClnssiG-catitJtt of tha 
trapresiiona proiuceil by Bubstnnccs tafcea into tho duces," tIz., 
" Where si'ii.'fl(iujiJi of toneli atoiir. ari- jriWui'-rrf. n« ftw ruek-erijilnl, tirp. 
pfiire, nr icf," tlio Wpfil ("'l-^ inny bo iippliuil to tlio iliicrliBi Bating 
fecidty of Ihe r;il<iriis.—'!t]i. 
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!ie has friencls ■wliom bo welcoiu'es in fincccssion ; and it 
■ffcU for u3 that he doca so, for we share in all hia 

The porter below, who works for himself nlona 
ohscuTB anil iinknowa down in hiahlack hole, the porter 
■below, I say, has but one tnste, knows bnt one frienj— 
-a gray-looking paste, semi-litimcl, with a very peculiar 
unsavoury smeli, disagreeable cnoagh to any one but 
liimseli', wlijch ia called "the chj/me, I scarcely know why j, 
but it is what cverythiug one eafri turns into, without cs- 

■ccption, be it Llclieate or coarse by natare, The great 
lord's ti'offlo-gtuITed pullet makes, aa nearly aa possible 
the game ch/jme aa tho charcoal-burner's black bread ; anil 
though the palate of the former may be better treated 
than that of the latter, the pyhrl can enjoy but one and 
the sclisame Haucc, Equality is soon restored in this 

reuse, therefore, as you see. 
I To be iree to pass through then, thei contents of the 
Btomach must be reduced to tlie conditiou of chyni^, the 
Only soils ta.acc which finds favor with the pi/hrus: and 
as, in the ondleaa yarietics of food which go to form CTir 
nutriment, some sorts turn into diyins much more quickly 
^_ than othere, it follows, that by the aid of its discriminat 
^ping tact (which is not easy to elude) tlie pr/lorus allowa 
aorae to pass, while it turns back others, until all in 
[^BUccesBion are converted into chyme. For esainplc, iu 
Mie case of a mouthful of bread and meat swallowed tit 
once, the bread pasacs away on its travcla long beforo 
the meat has done dancmg a.ttcndancc in the stomach, 
awaiting that transformation without which tho pylonis 
mil never allow it to slip through, 

This ought to make you seriously reflect on the danger 
of carelessly swallowing things which, by their nature, 
arc notsHsceptihlc of being converted into c/*^m?, par- 
.licalarly if they are loo large to liido ia the 



rs 



THE STOMACH. 



pa-^tc, oa a clierry-stone will somctiinea lio, so rnisud up 
Tilth other food as to pass uQpcrcGJvcd by Ihc, lyfoivs, 
over whose dcciaiotis we hare no control, remember. It 
baugs the door to, be assured, iii tlio vory faco of any- 
thing obnoxious mtliout licsitatioa, anil the poorstomacli 
would find itaelf condemned to retain tliem for an in*' 
definite period, nnlcsa by dint of pmyci-s and supplica- 
tions Lhey aliould contrive to soften tlo stein guardian, 
wlio may at last get accustomed to their approach, and, 
pcrliapa, in a weak moment, alloiv them to pass na con- 
traband goods ; like a custom-houac oDBcer on a foreign 
frontier wlio will occEisionally shut liis eyea to a Conntry 
friend's pacliet of tobacco. But tbo poor atomacb baa had 
to suffer a martyrdom raeantimc, whilo tlio dispute was 
pending, and before the intruder has been winked at by 
the porter. 

I shall remember all my life the history of a peach- 
Btono, -whicb was rclatcJ to me in 1831. I waa at the 
time a youngster at the Stanialaua College, and (aided 
perhaps by the Eerolution of July, which had recently oc- 
curred), it was just then discovered to be a proper thing 
to set about teaching tho laws of natare to children. 
Conseqaently, for the fii'st time in the history of schools, 
a professor of natui'al history ivas added to the inatfUO- 
tors of Latin and Greek. I leave you to judge how we 
opened our ear.i to Lis lessons. When wo arrived in 
tlio course of oui- new studies at the pt/lorus, of which 
we had none of na ever heard before, our professor, in 
warning as, aa I have done you, of the dangers of im- 
prudent glnttony, related, as an instance, tho caso of a 
lady who had inadvertently swallowed a peacb-atoue. 
For two years aho auffci'ed agonic3 in her stomach Tith- 
ont any cessation or relief. Tlie luckleaa peach-stone, 
repelled by t)ie walls of the stomach, which its very touch 
irritated, was miiGsan.nily thrown agaicat the entrance of 
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ihe pylortts, bat ia Tain. As to turning- itself iuto 
chyme, such a thing was not to be tliowglit of, it was far 
too liard a substance for that. Round and round it 
went, causing iii its relentless course such renoivEd suf- 
fering to tho poor patient, that ahe was Tisibly sinking 
from day to day. 

Tho doctors, finding all their treatment of no avail, 
began to despair of her life, when one fine day she waa 
suddenly, and as if by enchantment, reliovod of her tor- 
mentor. The peacli-stone had bribed the porter, with 
whom, in the course of the two years, it had scraped up 
a sort (if friendship. It had cleared the terrible barrier, 
iiad been allowed to slip out, and the lady waaeaved; 
but it was only just iu time. 

I do not know, my dear, that this story, which is cer- 
tainly well calculated (o care you of any fancy for swal- 
lowing' peach-atones, will make aa much impreggioQ oq you 
as it did on mo five-aud-twenty ycara ago. The idea of 
telling it to you occurred to me quite by chance. It has 
carried me back to tlie time when, as is now the case 
with yon. the myateriea wJdch lie hidden in our internal 
ori^nizatinn were beginning to be TCTealed to my mind ; 
and yon will one day Itnow with what delight one recalls 
the remembrance of these first dawnings of the intellect- 
ual life— that delightful infancy of tho growing mind — 
more rich in recoil eetloiw, and more interesting a thou- 
Band fidd than tho infancy of the body. I have allowed 
myself Iho little treat of this episode, and if I have had 
til e good fortune to amuse you at all during our progreas, 
you mnatnot cavil at this piece of self-indulgence. 

And now we haTC done just what the peach-stone did ; 
we, too, have passed the barrier, and are out of the 
Bfoinach, but still wt have not yet come to tho cud of 
our tale. 
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I TESTTTHE to hope, uiy dear cliikl, that more and moro 
llgtit is dawning upon joar mind, as wo gradually pro- 
ceed on our little journey. You must ly tliia timo hare 
some idea how the food, ivhich haa been masticated and 
Bofteaed in tbe mouth, cooked, knoadod, and deconapoaed 
in tho stomach, and tranarormed into a soft, semi-tranS' 
parent kind of pa.ste, will soou bo ready to mix with the 
blood, in order to repair the wasto that the Iif(h3tream 
is continually undergoing in its ceaseleaa courae through 
all parts of tho hody. 

You have pei-haps thought It a aad degradation for a 
trufiic-Eitiiffed fowl to tarn to ehjrne. Bat when yoa con- 
sider that by Ihia means it bcomoa part and parcel of a 
liTimaa body, the change id not to be despised. It was 
ncecsaary, to begiu with, that materials destined to the 
honor of being incorporated into our frame, should break 
the lioka which bouud them to the condition of fowl and 
■vegetable, and thus be free to eagaga in new relationa ; 
just as a man who wishes to ho naturaliaed in a new 
country must ilrst break the ties which hold him to the 
old One. Those articles of food we were speaking of 
lately, which are so stiff and eoremonious, and want so 
inucli ceasing before tliej change into ■cJnjme, wliich, 
moreover, we call indigestible because they tiro tho 
stomaeli so much more than the rest, are merely those 

(80) 
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whose component parte being held to^otlier \iy moro 

solid tic3 than usual, coiiiinue obatiuatcly in llie same 

I state as at fii'st, and will not consent to that dissolation 

which ia tbe first condttioa of tleir glorious tramforma- 

tlOD. 

Moreover, tfie transforioation which has hccn described 
to yoD cow, you will honccfortii meet with everywhere ; 
wherever, that 13 to eay, and as far aa, you chooeo to 
pursue the Btudy of naturG. God works by one grand 
anil simple rule so far as we can digeovcr. He destroys 
to reconstruct, builds up what 13 to be, out of the ruioa 
of what baa been, crcatra life by death, if I may so ex- 
press rayaoif, and thus, what takes placo in our Btoniacha 
on Q. Email scale goes on on a largo one in the universf]. 

Social comraumti(B, lika everything eke, are SHbject 
to this univergal law, and it \s not always an advantage 
to tLom when they r&fupe to be digested in the great 
Btoraach of the age I 

While wc oi'C on this Bulyect, and to show you how 
wonderfully this little hiatory of eating-, told ia tliia fa- 
miliar style, applies right aud Icffc, let «3 reflect on the 
causes which have prodnced. a groat and mighty nation 
in one coantiy {as in FpancG), while in another {as in 
Germany), a far more nuoiorous and even more intellect- 
ual population liEia failed to rise to anythiuj; like the 
same distinction. The explanation is not difficult. In 
the one case, the petty tribes among which the land waa 
orig'inally divided consented to mJSi and diaaolvc, and 
be digested aa it were togcthar, in order to revive again 
for a more gloriaua career j while in the other, the abo- 
riginal soeiS'tiea have adhered stiffly to their di^tiuetivQ 
characters, and failing to aubmit to the regenerating 
process, cling together ia indigested portiona, rather 
tlian assimilate into one great whole, 
4* 



THe INTESTINAL CANAr,. 



However, we must retxim Xo th.^j>ylorus or we gbal] 
getting into a diilieulty 1 What I am now going to 
jou Llioiigli!, ii? rather hard of digcatiou, but It wiF. 
not do to provide sweet pastry ouly for your brain j it 
will 1)1! more wliolesomo for it to have something a little 
more solid to bite at from time to time. 

Tho J) j/loi- as, then, as has bccii shown, makes way for 
all sorts of alitncnta when they h&Tc been conyerted into 
chf/me ; L e., when they liavo log-t tlicir original form and 
individuality. Thoy are dead to ihoir liret lifo, thero- 
foroj now t!io qnesdon 13, bow are they to be revived 
into the new one? 

Behind the pj/lor its estenda a long conduit nr tube — 
I fio long as to be somotlmea seven times the lengtli of tbc 
whole body, but doubled up backwards and forwards a 
number of times, bo aa to form a large bundle, which 
tills the whole cavity of the belly— or aa we also call it, 
the abdomm. This bundle or packet is known, to every- 
body as the iniestines, and it is divided into two portions ; 
tlie small I'nfestfne — that is, the alenderer, finer portion 
wliick begioa at the py?o?-!is, and forms all the doublings 
of the packet, and the large intestine, which ia shorter and 
thicker also, aa ila name implies, and keeps to some ex- 
tent separate, though it Is iu reality only a continuation 
of the other. This starts at the baae of the abdomen, 
near the right side, goes op in a straight line to the 
height of the stomach, below which it passes, making a 
large bend in front of the small intestine ; after which it 
descends on the left side to the lower part of the trunk, 
where it terminates. 

You will perhapg inquire how the chyrae continues to 

make ita way through all these manifold twists of the 

intogtitica ; but do not trouble yourself; it has only ia 

ilet itself go. That vermicular movemcni which wo no 
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ticed in the cesqpkagus and in Lbc s(oiiiach Is found licre 
also. It reigns, so to speak, froDi one end of our mLer- 
nal eatiflg-RifLChlue to the other ; wliich eatingf-macliiuc, 
br the Tvaj, wo will now call by its proper scientific 
name — the intestinal eanal ; and it 13 by that movement 
the food 13 carried forward from the first moniGnt it 
leaves the mouth, and helped tlirongh all its journeyings, 
till it reaches the termination, of the large iateatine. 

If your body were made of glasa, so that you could 
lool: through it to watch the intcatinc at work, it would 
appear to you like an cnormou5 worm coiled up into a 
"buiidlQ, hcaying and moving with all ils rings at once, 
To^ never euspectcd there waa such a movement within 
yon ; yet it hag teen goiug on there contiftUftlly ever 
since you were born, and will not cease till you die. 
Your internal machinery never goes to sleep, not even 
-when you are sleeping yourself. It is a workshop in 
constant operation, providing night and day for your 
necessities ; and in tliis respect the iancr mau acta a 
firslrrate example to the outer one I You will recollect 
what I said to you the other day about the internal rc- 
pablic, and tlio pvovincra which arc nndor your sole gov- 
crumcut. Itwoald he very disgraeefol for the kingdom 
to be doiag nothing while tlio republic is working so 
hard ; and a qaeen who understands her office will mako 
it a point of honor to banisii idleness from her household ; 
in the houses of her ncig'hbora this word is unknown. 

The chyme once launched into this m-oving tube, is in 
no danger of remaining stationary there ', the fear 13, of 
ils passing On too quickly, as you will soon see. But 
thii danger bas been provided ngainat. Along the whole 
0010*30 of it'* journey, though chiefly at the commeace- 
mcnt, it encounters at intervals certain elastic fleshy 
valves which interrupt ita progress, and do not allow it 
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to pass till it has accumulated in sufficient force to iiasli 
thcni before it, and ao escape. In consoquonci^ £ wliioli 
U in alwaye being checked in its adraacc ; aud duriag 
tliusfl stoppages a most iinportaDt work goes on upon it 
at Icisarc. 

You most underatand firat, that the substances of 
which our food h compo'sod, and which are nfterwards 
decomposed in the stomach, are not all invited to enter 
the blood. Our aliments are something like the stones 
which t!io gold-seekers of California reduce to powder 
in order to extract thci'cfrom the hidden particles of 
gold tliey cODtain. Tho gold of our food L) that portion 
of it which tlio hlood is able to appropriate to his own 
advantage ; tie rest he rejects aa refuse. And this ex* 
plains why a amall slice of meat nourishes you mora 
tliau a whole plateful of salad. Meat is a stone abso- 
lutely full of gold, while the salad has only a few vcina 
of it her9 and there, and by far the greater part of the 
inatcL'iiil it sends to the intestines, has, in coti5ec[ueciec, 
to be thrown away. 

Now it 13 tu the firat portion of tho small iiihstine, 
the part known by the Latin name duodL'/ium , '^vVitih sig- 
nifies twelve (bocause it ia about the leng'th of twelve 
finger-breadths), that Lho division lake^ plarc between 
tlie parts which go to nouridli the hlood, and th^c which 
are useless refuse. It is au iiaportant operation aa you 
may suppose, and wo-e the c/ti/ine to pass rapidly through 
tho small intestine the ^old would run the risk of being 
carried off with the refuse. 

After the deLay iu the stomaeh, tlie food-snbatancct 
make anotiier halt iu the diioihnum, which, being very 
thin and slender, would have great difficulty in contain 
ing theiu at the time of their grand entry, au hour or 
two after a meal, wcro it not that it posaeasea the 
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property of ex paneling; itself to such an extent, tbat it 
swells out ou grand occasions to the uauaL s'lza of tlio 
elomacU ifeclf, &o that it hag aoraeti**^ boea conside:.-eQ 
as a second stomach. And no douwt the operation ivhich 
takog place in it givtB it a elaiin to tiho appellation, for 
thereby the finishing stroke ia put to tlio worlt previously 
begun in the stomach, ami one may fairly say that, bat 
for this last touch, very little would bo accomplished at all. 

Above the duodenum, 'ind Lid behind the stomach, ia 
a kind of sponge, aimil'' / in nature to tiiosc we hare al- 
ready observed in tlio mouth. To this has been given 
the Bomcwliat ridicoloiig namfi of panareas; I call it 
ridiciiloua because it is derived from two Greek words 
wtiicli sig-uily all JUnh ; whercag the pciiitTcas, -which is 
a eponge of the same description as the salivapy glands, 
presents the appearance of a grayish grauulons mass 
which 13 not lleshy at all. Whatever be iia name, how- 
eyer, our Bponge comionnicatcs with the duodenum 
through a small tube, by meana of which it pours into 
the chyme, as it accumalatcs, a copious supply of a fluid 
exactly like tho saliija of the mouth. 

Just by the place whore the tube from the pancreas 
empties itself into the du/jdannm, another tnbc arrivca 
bringing also a fluid, but of a different sort. This laflt 
conies from the liver, where there ia a manufactory of 
//(*/[' — an unpleasant yello wish-green liquid, the name of 
which yon liavc uo doubt heard before, and which playa 
a very important part in tho trans 5oitnation of the ali- 
inont?. 

Tliase new agents, the bile and tho liver, are far too 
important ia Ik; passed over in a feir word3 ; I reserve 
them, tlierefore, for my next letter. Meantime, not to 
leave you longer in sn9|)ense, I may say that the separ* 
Lion between the gold and the refuse in tte ehynj- ivkr 
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p]ace as aooa aa ILelalter lias received (ho two liqnii^ 
fuTDUbcd hj tJic liver find tke pancreas. If you ask in 
what inanQer the diYisioa is accomplislied, I confess, to 
ray sliame, that I am. not able to explain it I What takoa 
place there ia a chemical process, and lioreaftcr I shal" 
have occasion to explain tho meaning of that plirasG. 
But the Great Chemiat has not in thia instance seen fit 
to diiTilgc to man the secret of the work. 

Indeed, yoa most prepare yoarself heforeliand, my 
dear child, to mcflt with many other mysteries besides 
tliis, if wc poi-sue to the end our study of thia flcsh and 
bono which oonatitule the body of man. And hcr^ I 
recall what Cnniillo Dcsmoulina is reported to have aaid 
ahout St. Just, Ti?,., that ho carried hia head aa high afl 
if it were a consecrated Host* You will read about 



• Tlio yoimg Protostant reader wlin has nover livi3i] in a CathuUc 
eaatitrf, will perliipS noed to be ti>t.I, tliat wlmt le hOTO cftlled Coit 
Becrated. Ilnst, is the aftCTameatal wafor, or communion. breoJ uf the 
chiircli. In FroDcb eoUiid lioatie, in iLalim, oHia. 

In nil Ihclr roli^oas proceasioDB, ■whicli. are vetj" frequent, IhiJ 
Lost la carried by tlio priest Tiigliest in authoritj, in n gljiBs boK 
placinl on a. seas' about fQiu* feet \rmg, whli^h bo holds befoFO him 
ond ao fnc oluTiitirf thnt bo lifts it look ap to It. Ovor liis hood ft 
ricldy cmbrnJdcn?d i^Tiopy of satin is olwnya carriwl by Boveral 
mon ; and whilo tbeso nr& jiaHsing, all giaod CatUoliea uncover the 
Iiuod and bend tlio fciite, wlieraver tbpy may be. 

Id is tho cuBtotn aUn far tlio priusC to bo culled to adEoiiilsttr tbo 
Bafrnment to any one ahout to dio, on wliiuh occasion ha always 
wulkfi under tbis canopy, dresBed in. Lis priestly robea, carrying' tba 
Logt and preceded Ijy Bome boys, ringing it btil, wben tbo Bame 
ceremony is obBerTed. In passing b regiment or company of sol 
diers, tin) ColuniTS is bnlted, wheeled into- liuo, and with oniia pr*- 
fiettted.the whole line, officeis and men. kneel before it, and ths 
priest nsuaZly turns a.nd oflfera a benodiction. \VIicn he goes in ibo 
evunlng to tlio houHe of the dying, H la ■cinstunmry for tho people to 
gft out -njjon tho bulcouioa with liglited lampa and kneel while tlm 
toBt ia buiag caniwJ by. 
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Aese two men by-and-by in hiatory. Meantime I will 
not bid you do exactly the aame as St. Just, becaose you 
would be laughed at ; but in one point of view he was 
not altogether wrong. The human body is, iu very 
truth, a temple in which the Deity may he said to rraide, 
not inactively, not veiling his presence, hut living and 
moving miceasingly, watching on our behalf over the 
mysterious accomplishment of the everlasting laws which 
equally guide the chyme in its workings through our 
frames, and direct the sun in its course through the 
heavens. We mortals eat, but it is God who briDgc 
Dourishment out of our food. 



LETTER XI. 

THE LITEB. 

I FEAB you wiL be getting a little weary, my dear, of 
dwelling so long on this intestinal tube, wbere tilings 
which looked so well on one's plale become bo trans- 
formed that they cannot be recognized, and where there 
is nothing to talk about but chyme, and bik, and the 
pancreas, and all sorts of things neither pleasant to the 
eye nor agreeable to the ear. 

But what is to be done ? It is always the same story 
with useful things. The people by whose labor yon 
live in this world, are by no means the handsomest to 
look at, and so it is in the little world we carry about 
in our bodies. 

Never mind ! Keep up your heart. We are getting 
to the end. "We shall very soon be following the nour 
ishing portion of our food, on its journey to the blood, 
and you will find yourself in new scenes. 

First, though, let us say a few words about the liver — 
the bile-manufacturer ; and to begin with, I will describe 
the place he occupies in our interior. 

The interior of the human body is divided into two 
large compartments, placed one above the other ; the 
chest and the abdomen. These are two distinct apart- 
ments, each containing its own particular class of ten- 
ants : the upper one being occupied by the heart and 
the longs (the respective offices of which I will presently 
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■esplain to you) ; wliile iii tho lower are the alomacli, 
the intestines, and all tlie otlicr inncMEery whic-li assists 
in the process of digfi^tioQ. Th(se two stories of apart- 
meats are 9Gparat«d. as those of our houses are, hy a 
floor placed just above the pit of tlie stomaeli. This 
floor is a large thin, flat muscle, atretched like eanvaa, 
right across the body ; and it is called the dhphniffm— 
.anollicr hard wordi Never mind ; but do your beat to 
rcoollect it, for we shall have great need of it whea we 
coTnc to the lungs. If joa had been born in Greece, 
jou would have no difficulty with the word, for it ia 
Greek for eripayation. It mcang, in fact, a separating 
partition, or, as I called it jnst now, ajloor. All this is 
jireparatory to telling you that the liver is hooked to 
the diaphragm in the abdomen. It is a very large mass 
and fills up, by it?clf alone, all the right side of the 
lower compartnocnt, from the top downwards, to where 
the bones end wliicli protect the abdomen on each side, 
and wiiich are called the shoii rits. Place your hand 
there, and you will find them without difficulty. 

Largo as the liver ia, it hanga suspended to a more 
point of tlio diaphrag'iii, and shakes about with even the 
elightcst movement of tho body. It is partly on tliis 
account that many people do not like to sleep lying on 
the left side, especially after a good dinner, because in 
this position tho liver weighs upon a.nd opprcfisca the 
Btomach, like a atout gentleman asleep ia a coach who 
falls upon and ciuahea his compcinioa at every joU of 
the vehtclo. The liver within you produces, then, the 
same eiFect that a eat, lying on the pit of your stomach 
would do, and the result is that yon Lave the nightmare. 
' Tlic liver is of a dccp-rcd color. It ia an accumula- 
liou of ciccraively miDDtc atoms, which, when united, 
form a somewhat compact mass, ar.d within each of 
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wliiijli tlicro is a llttlo ceU,,mTiHibIe to tlie naked oye, 
■where an operation of the higLest importance to our 
csislciice IB mysteriously carried on. It appears a Tery 
simplo one, it ia true, yet hitlicrt'O it bos tailled all at- 
tempts at explanatiOu. List^3n, bowctcr; tho subject is 
well worthy your careful attention, wlicthor it can "be 
esplaiiieil or not, and w& must look back to tako it up 
from the bcgioning. 

I toll! you about tbc tbousand workmen conBtantlf 
busied in every pai-t of our bodies, wlio call on the blood 
witliout coaaing for "more, more." You will reraembcr 
further that it is to enable the blood to snpply tln»o 

^fionBtftut dcmand?t tiiat vro require food. 

Thirt boin* uml(^ralood, it ia not difficult to eoc why 
wo grow ; tho difficulty is, rather, to explain wiiy we do 
not continue to grow. 

Consider, for instance, the quautity of food yon bare 
Ciitcn durinjif the last year. Picture to youraclf all the 
bread, meat, rcgelablcs, froite, cakea, &c., piled upon a 
tabic. Put a whole year's milk into a large earthcn- 

rVftrc pan, all the sweetmeats into a large jar, all tbc 
fioup iuto a great tureen, and see what a huge heap yofl. 
irill bavo collected together. Then try to recollect how 
ttuch you buTc increased in size with all thi'? nouri=b- 
ment, wbich has entered roar bodv. But reckoning ia 
tbis way — erra supposing the little workmen bad oscd 
only a balf or ereu a third of tlie mat^ials in qoestUHi, 

p«ud rrjecied the reet as refuse— too would hare to stoop 

' f n order to gf't m at the door j and as for your pafa. 
whoee heap muf t bare been bigg^ Qtam yovn, be euB 
would be dcfpcrate indeed ; and yet be has oot gx«wm 

,«ta11! 

Tliis is very mrioiee, aod I daic say yoa have uewm 
It aboat it beforeL 
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Do you know tte story of a certain lady calloil Pene- 
lope, wEio was the wife of Ulysses, a very celebrated 
king of whom tlie world Laa talked for tlic last SOOd 
ycara — tbankfl to a poet called Homer, wlio did him the 
honor of niddng Liin lus Loro 1 The linsband of Peue- 
lopa had left lier for a lorg: time to go to tlie wars, and 
as lie did not return, people tried to persuade her to 
marry again. For peace and qniot's sake, she proinisod 
to do so when she should liavo liaislied a piece of cloth 
she was weaving-, at wlddi she worked all day long. 
They tiiOHglit to get hold of her yotj soon, but her ha- 
portimate fovcr^ were disappointed; for the faitliful 
wile, determined to await the return of her liusband, 
nnwove every night the portion bIio !iad woven during 
the day ; and I leave you to judge what progreaa tht- 
web mada in the course of a year ! 

!\ow, every part of our bodies is a kind of Penelope's 
web, with this difl'ereiice^ — that here the web unravels al 
one end as fast as the work progresses at the other. As 
the little masons put new bricks to the houae on one 
tide, the old onca crHmlile away on another — ^in this 
manner the work might go On forever without the hOttSfl 
fteooming bigger ; while, on the other band, tlie houao ii 
ftlwayg b<:ing rebmlt. People wlw are fond of building. 
as some are, would quite enjoy having hucIi a mansion at 
this on hand 1 

At your early aga, my love, fewer bricks drop out 
tliiin arc added, and this is why you grow from year t( 
year. At your papa's age, juat the Hame number perish 
aad are replaced ; and tliorefore he continues the samfl 
Blze, although iu the courso of the year lie swallows 
lliree tiraca his own weight of food. Bui when 1 say 
this, do not suppose it is an offensivo remark, or that I 
think him cither too littEe a man, or too groat an enter ; 
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Bccing tliat there are 365 days in tiie year, and that a 
quart of water weiglia two ponnds : I need not say 
morel 

But the nest qufsfson i&, what "becomca of all the refuse 
which this perpetual destruction produces? 

Whatbecomea of it? Ilavo yoa forgottioa our atow- 
ard who looka after evorything? He is a mora active 
fellow than I have reprcscated himl To tho office of 
pui-veyor-general ]ie adds tliat of universal scarengcr. 
But in the latter department he obtains help. Wherever 
he pasaos along, troops of little scavcogcrs press forward, 
like himaelf always busy ; and while he holds oot a new 
briok to the mason as ho hurrioa by, tbc little scavenger 
Elips out the old one and convcya it away. Tho history 
of these scavongerB is a very curious one, and we shall 
have to apeak about it a little further on. They aro 
minute pipes, (. e. ditcts, aprcad all over the body, wliicb 
thoy envelope as if with fine net work. They all com- 
nuuiieate together, and Ond by emptying the whole of 
their contents into one large canal, which, in ita turn, 
empties itself into the great etroam of tho blood, Imag- 
ine all tho drains of a great town flowing into ODO largo 
one, which Bhould empty itself iuto tho river on whicli 
the town was builfc, and yon will have a fair idea of the 
whole transaction. What the nver would in such a case 
be to the town, the blood ia to the body-^thc univci"3al 
scavenger, as I said before. But you will aak further, 
What docs thcbEood do with all this? — a question whicii 
bringa us back ouce more ti the liver. 

You must have seen, just now, that the pockets of our 
dear atewaj-d would be rapidly overloaded, wore he to 
keep constantly filling them with tlio old worn-out ma- 
terials wluch tlie builders rejected, unless he had some 
raeaTis of emptying them as be went along. Accordingly, 
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a wise Providence lias fiirnlsliCLl the body, on all sides, 
with clusters of small cbambcrs or cells, iu which the 
blood deposits, as he goes by, all the refuse lie hos picked 
up, and which makes its exit firoua the body sometimes in 
oqO way, sometimes in another. Now, the cells of the 
liver are among these refuse-chaoibors. One may even 
consider them as some of the most important ones. 
Wliea the blood haa run its course through the lower 
eotttpartiaent, I moan the abdomen, it collects from all 
directions and rashes into a large canal called the j/ortal 
vein, which conveja it to the liver. As soon as this canal 
hos entered the Hyer, it divides and subdivides itself iu 
every direction, like tlic limbs tiud branchea of a tree 
diTcrging from the trunk j and very ?oon the blood finds 
itself disseminating thronj;h an infinity of email canals 
or pipes, whose ultimate estremities, a thousand times 
finer than the finest hairs of your head, commumcato 
with the tiny cells of tlio liver. There, each of tho im- 
perceptible little drops, thua carried into these imper- 
ceptibly minute cel!-ch ambers, rida itself — but no one 
knows how — of a part of the ewecpin^ it has carried 
along witii it. Which done, tlie little drops thread their 
way hack tlirongh otlier -canals as fine as tlio Jii-at, aod 
which go on uniting more and more to each other, like 
the branches of a tree on tlieir way to tho trunk — form- 
ing at larft one largo canal, through whicli the blood 
escapea from tho liver, once more relieved from its 
weight of mbbish, and ready to recommence its wort. 

You are going to ask mo, " What is a.11 this to rae — 
this history of the blood and its swcopiftga ? It waa the 
bile you undertook to tell mo about, that liquid you 
spoke of aa go neecssary for the transfornnation of the 
food: we were to get out of the intestinal tnbeg by the 
halp of the bile, you promised me." 
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Wei], rc^ little impatient minx, it is the liiatory of tlie 
bile tliat I have been relating to job, and what is most 
remarkable about it is this. You have perhaps heard 
of those -wholesale ragplclcera, who make largo fortunes 
Ly collecting ont of the mud aad dirt of the streets, the 
many valuable things which have been dropped there ? 
Well, the liver 13 the maater-ragpickop of the body. He 
fabrieatcR, out of the refiise of the blood, that bile which 
13 BO valuable in the eeonomy of the human frame. This 
bilo is neither more nor less than the deposit left by the 
little drops of blood in theiBnumcrablemiautcliver-cells* 
See what an ingenioua arrangement, and in what a simple 
way two objecta arc effected by one operation [ 

Now you have learnt tiio gcn-ealogy of the bile, and 
the double oilice of the liver, which bctiofita the blood 
by what it takes from it, beneiitg the chyjue by what it 
gives it, and is an euonomist at the same time — since it 
only givea back what it has received. This was what I 
partleularly wished to explain to yon : the rest you will 
easily learn. 

Tho bile docs not make a long stay in the little cells, 
it also escapes, hy canals similar to those which carry 
off the blood, after its purification ; and which in a simi- 
lar way unite by degreca together, until at length they 
terminate iu a single canal, comraunicatiog with a little 
bag placed etose against the liver, where the bile ac- 
cumulates between the periods of digestion— so forming 
a stock on hand, ready to pour at oqcc into the daodenuvi 
when the latter calls for its assistance. Tlic nest time 
the cook clcana out a fowl, ask her to show you the lit- 
tle greenish bladder which eho calls tlie gall and ■which 
phe takes such eare not to burst, beeauso it eontaina a 
hitter liquid which, if apilt npou it, would quite ruin the 
liavor of the fowl. Sucb. precisely, is tho bag which 
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holtla tlio Lifo. Mnreover, it is dose by the liver (if the 
fjwl tliat yoii will find it placed : and you can convince 
yom-self in a, moment hy it, that the little provision I tell 
you of ia always stored away therein. 

Wo liave also witMn b.t a multitude of minute electric 
wlegraplis, which transmit intelligence of all that occurs 
from One part of the body to another, in a more wonder- 
ful manner even than the telegraphs of man's maktag ; 
later we shall see how thoy work. By their moang tho 
little bag^ by the liver is made aware in the twinkling 
of ao eye of the entrance of the chijme into the diiodr;' 
num, and forthwith the bile returng for some distance 
by the cnna.l which brought it, and then hranchca off into 
a larger one which opens into tho duodenuvi^ 

The liver, ou getting this intelligence, seta to work 
more dlligeatly thaQ ever, and the bile flows in streams 
into the (fwiCifcnwm, where it mixes as it arrives with tho 
current which comes from i}\o panaceas. Thns combined, 
the two liquids flow over the cAjwi*?, which they saturate 
on all sides ; and hero, as I have said, the work of the 
intestinal canal ends. What is serviceable for the blood 
ia separated from the nscless refuse, and nothing remains 
but to get it out of tho intestincB. It is true that in 
their character of tubes these are closed on all aidet^. 
But do not trouble yourself: a means of ojcapo is pre- 
pared. 

Before wo part, however, I must apologize for eome- 
thtng. I have not described to yon what the bile eon- 
Bists of, or what kind of refuse the blood leaver in the 
liver; nevertheless, as yon take an interest ia this mncii- 
neglccted book of naturo, you ought to know these 
things. 

It ie, however, very diCBciil t to lead you by the hand 
tliTJugh yo many wondere, where the seojets of nature 



.0 \^h^ 



yC THE LIVEB. 

aro all in operatioD at once, and to explain each as eoon 
aa we meet with it. They combine, and progress to- 
gether like the waves of the sea, where one breath suf- 
fice to agitate the whole mass. 

When we hare talked aboat the lungs, wo will Itave 
another word to say aboat the lirer. 
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To-DAT wa liaTC to "begia "by making- acquamtance 
with a new term. I would willingly liayo spared you 
this, if 1 could, for tlio word is neither a. pretty, nor a 
well-cliosen one, but we cannot get on without it. 

I Ton are aware now that the learned, unknown spon- 
sora, who gave naraeg to the diiFerent parts of the body, 
bestowed the odd-enough one of chi/me on that pnsty 
subatanco wliich passes out of the stomacli when the 
cooking' ia over. Wo Lure said quite enough about It, 
and you know enough of it I am Bare. Well 3 the people 
seem to hare liad quite a fancy for the word cJii/mc, foi 
they adopted it a;?ain, with only a very slight alteratiou 
when they wanted to specify separately the quiatssscnce 
of the rj^iimp. (the useful part that ig), -which lias to -unite 
with the blood, and which wo have been speaking of m 
the gold of the aliinente — this then they called diyU. I 
give you the name as I received it, bnt have no responsi- 
bility ih the matter. 

In concluding the last chapter I aaid we were sure \a 

i find there was a plan for extracting the best part of the 
dnjme, tiz. the diifh, from the intestinal canal ; and a, 
very simple one it is. A complete rcgituent of those little 
BCarcng-ers lately deseribcd, are drawn up in battle- 
luray along the whole length of the small intestine, but 
5 <Sfi\ 
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especially round about tlie duodenum. TiiGra, n thousand 
minate pipea pierce in all directioiia tlirougli tlic caat of 
the intestine, and suclc, like so many constantly open 
mouths, tlie drops of chi/Ie as fast as they are formed. 
Thoy arc called clujli/troua vessels or chjlc-bearcrs, just as 
we miglit call hot-air stovea calon/erous or heat-bearers — ' 
frotu tlic Latin word /era, whicli meanB to carry or bear. 
X mentioned before that there were, witliin tlac mteatinc, 
certain elastic valves wUicli obstruct tlio progress of tlio 
chyme, and oblige it to be conHtautly stopping. TLcre 
arc in fact so many of tlese, and the skin which lines the 
intestinal canal is so folded and plaited, tliat if It wero 
Btretcbed out at full length on a big tabic, It would cover 
at least aa large a sui'face as that other skin, with "which 
you are so well acquainted, wbicli entirely clothes the 
body outside. 

Now, the diyllftiroiis vessels wo have been spcatinpt of 
insinuate themselves into all the plaits and folds alluded 
to, and thus they reach at last the very centre of the 
di}jmo7ts paste, and not a single drop of chtjh can egcapo 
them. They do their work eo well, that the separation 
is effected long before the paste reaches the lai'ge intes- 
tine ; and when that has forced its way through the door 
wMch guards the entrance, and which prCYCnla iia over 
returning again, the diyh is already far off on its mission. 
It has threaded ita way along the little pipes, and, al- 
ways creeping nearer and nearer, is on the high-road to 
the heart, where it is ansioualy espectcd. 

And wliat becomes of the rest ? There is nothing fui-- 
ther to be said about it, but that It shares the fate of 
everything else which, having answered its purpose in ita 
place, is no longer wanted and must be got rid of. Thus 
in works where ii'-on-stono smelting is carried on, tlio 
refuse that remains after the ore is extracted, though 
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aTallalile for road-malting or otlier parposes, is thrown 
out of the taaunfactory aa a useless tncumbranco there. 

Our history rcquirca u9 to follo-w the fate of that 
golden alimeat the c%fc, which is now ia a condition to 
support the Hfo of tho body, and every drop of which 
will turn into blood — the blood which beats at our hearts, 
nourishes oar limbs, and eets at work tho fibres of oui' 
brain. 

I ought to tell you first that the dujle, when it leaves 
the intestine, is very liko milk. It ia a white, rather 
fatty juice, having the appearance, when yoa look closely 
at it, of a kind oi tchei/, in which a crowd of gloloulea, or 
little ballB if you prefer it, inDuiteaimally small, ara 
Bwimfflint? about. Some pcoplo, whose curiosity nothing 
can cheek, have put the tips of their tou^e to it ; so I 
am able to tell yon, if yon care for the inibrmation, that 
it has rather a saltLsh taste. 

At thia point It is what may be called newborn blood, 
and to carry on the metaphor, blood wii03C education 
has jet to be completed. All the elements of blood aro 
there already, but in confusion and intermingled, so that 
they cannot yet be recognised. A wonderful fact, and 
one of wbEch I have no explanation to offer you, becanae 
among tho many mysteries which are silently going' on 
within us is this, that tho education of the new-born blood 
begina entirely of iij=clf in the vessels which are carrying 
it along. During their very journey, the confused ele- 
ments are setting themselves in order and Forming into 
groups. In short tho chyle, when it comes out of tho 
cliyliferoua vessels, is already much more like blood 
than when it entered them, and yet o»o cannot account 
for the change. It ia changed, however ; iis whitenesa 
htis already assumed a rosy tinge, and if it is exposed to 
tho air it may be seen turning eliglitly red, as if to 
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giTQ notice to the observer of Ti^bat it ia abotif;to1t» 
tomfi, 

You know that all our scaTcngera niiiting together 
deposit theu' sweepings in one largo eaiial, which is 
called the lltorada duet. The chijh? scaveugers (trrivc 
there just like tha roat, and there our poor friend finds 
Liiiiself confounded for a inomeat with all the dross of 
the body, as somctimca happens to men wlio devoto 
themselvca to the public good. Bat the crisb passes m 
ail instant, A little further oft" ilic th.'.>ntc!c duel, poura 
its whole contents together into n Inrgc vein sitnatcd 
doee to tho heart, and the blood has no difficulty in 
recognising and {tppropriating -what l>olong3 to him. 



Here, my dear littlo scholai', wo conclude the first 
part of our s torj. To eat is to nourish oncsGlf ; .bat is, 
to furaisli all parts of tho body with the substances 
necessary to them for the proper performanco of their 
fcnictiona. The mouth rcccivea these aubsLinces ia their 
crude condition, the intestinal canal prcparea them for 
ugo, and the blood di3tribut03 them. 

After the history of the prtparaiion, comoa naturally 
that of Iho disirihutioii. 

The fiist 13 callsd tho Dioestiost. It is the history 
of the Chijk, wiiicli hegius liot"wooQ the thumb and fore- 
finger while &A yet invisible, hid in the thousand prisons 
of our diff'erent sorta of food, and ends iu the thonta'c 
thief, when, disengaged irom all previous bonds, pnrified 
and refln'Cd by the ordi;ab of its- intestinal life, it leaps 
into the blood, carrying with it a renewal of life and 
jiowcr. 

Tho second history ia that of the Circulation. It ia 
the history of tho Blooil, that indefatigable traveler, whc 
18 constantly circnintiiir/ or describing a circle (the Tjatins 
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called it circuhis) through the body ; by which I mcsiii 
that it is continually retraemg its stops, coming out of 
the heart to return to !t, re-Gctoring it only to lea-vo it 
again, and so on without intermisaion, until the hour ol 
death. 

The history of the Digestion, which we have just goun 
thi'OBgh, goes on quietly from one end to the other with- 
out nuy complication. 

Tliat of the Circulation, which WP tiro about to hcgin, 
b mixed up with another history, from which it cannot 
bo kept separate wbilo tho description is going on, al- 
though the two histories are in reality quite distinct 
from Cftch other. 

The blood describes two circles, to speak correctly : 
1st. A wiiJe one, which extends from the extremities of 
the body to the heai't, and back again from the heart to 
the estremitiGs. 2d. A tporo contracted one, which 
goes fi-om tho heart to the lungs, and back from the 
lungs to tho heart. Wliilat circulating in Uie langg, it 
cjjcounterg tho air we breathe ; and here takes place, 
between it and the air, oua of tho most curious trans- 
actions imaginable, without which the blood would not 
be able to noui-ish the body even for live minutes. Thia 
is called ItESPrainoN, or the act of breathing. 

Digestion, circiilaLion, respiration, tho three histories 
togetlior form but ono^thal of Ndtettion, or the act of 
nourishing ; in other words, of supporting life. 

Thia is what I called eatiiig at firsts that I might not 
mystify you at the beginning witli hard worda. But now 
that wo arc growing learned oui'scItos, wc must accus- 
tom ouTBelvcs to. the terms in use among learned people, 
csjicclally when they arc not more formidable than those 
1 have just taught you. 

Our nest subject for consideration, then, will be tlifl 
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th-culalion ; and we will ■begin witli the liearf, since 
tldt 13 tc the cii'tfulation what tlic Btomacli is to the di- 
gcsliiin — viz., master of tliQ calablislimcnt. He is a 
very iuifiortant persour tliis heart, as I liardly need tell 
you. Eveu ignorant people speak respectrully of liim, 
^nd I am sure beforehand tliat his history will interest 
iou TOjy mticli. 

Do yon feel bb I do, my dear child? I am quito 
happy at iiaviag brought yoo tlius far oq our joarncy, 
and at being able to take a rest witli yon at the gateway 
of tlic new country into which wc arc about to enter, 
lilce travelers sitting down upon a boundary froEtier. 
What a distance we have come, since the day whan I 
took yon by tlie hand to conduct you iiLsidc tins littfc 
body, of which yon were maklog use without ];nowirg 
anything about it ! How many things wc have learned 
already, and how many more remain ti> be learned, of 
which you have at present no idea I I [issure yga I 
should bo ntmoat (ilraid wyscif of what ia before us yet, 
if I did not I'cly upon my own strong doaire to instruct 
yoa, and the tender affection I bear to you. Believe me, 
the greatest of ooastraining powers is love ■; and when 
I get bewildered in the mid'^t of aomo difB,cnlt explana- 
tion which will not come out clearly, I have only to 
place before me those laughing eyes of yoars, where 
Bleeps a soul that muateoon awaken to eonficioujacss, in 
order to make the daylight eome into my own I 

Mast I add, too, that I am not working for yoaonly? 
We are all placed in this world to help each other, and io 
striving to bring down light into your inlolloct, and 
good sentiments into your heart, I am thinking also of 
thoeo to whom you, in your turn, may render the same 
good service hereafter, provided I have the happincsa of 
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succeeding now with yon. This ought to be so, ought 
it not? You should resolve to be numbered one »iay 
among those who have not lived altogether for them- 
selves, but who havo given the world something worth 
having as they passed through it. To-day's labor will 
have been well employed if, later on, it tarns ont that 
UuB history of the chyle has not been told yoa in vain I 
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TH£:fi£ wQB once upon a time a l3»,nker, a millionaire, 
wlio could roclfott Lig weaUli not "by millions only, bot 
bj hundreds of miUioiis and more ; who was, in fact, eo 
tTGHiendoiBlj' ricli that he did not know what to do with 
hla money — a difficulty in whiuh nobody had ever been 
before. 

Thia man took it into hie hoad to build a palace iuEn- 
itely Buperi&p to anytiiing that had hitherto beea Boon. 
Marbles, carpels, gildings, silk hangings, pictures, and 
Btataes — in fact, the whole mass of common-plaee Inxuriea 
as one sees them even in the n^audest roypJ abodes, fell 
Bhort of his magniHecut pretensious. He ".ras an intcl' 
ligent man, and thoroughly undcfstood the respcc t due to 
his riches ; and the common fate of kings seemed to him 
far too shabby fot- the entertainment of his dynasty, whicli 
ho looted upon aa very superior to all the families of 
crowned heads iu the world. Iq consequence he sent to 
tlio four quarters of the globe for the most illustrious 
professors, the most skiJfuL engineers, the clevorest and 
mo&t ingenious workmen in every department ; and 
giving them unlimited permission as to expenditure! 
ordered them to adorn hifi palace with all tbo wondera 
of BciencO and human industry. 

Science, and human industry, and unlimited means — 
am 
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what will tliey not accompHali ? No wonder tUao notlt- 
ing was talked of for a liuiidrei miles around but tho i 
magic boildlEg — of wliicl], by tlio way, I do not TOnltiro] 
to give jou a deBcription, bccaiige it would carry me too ^ 
far away. Let it sufGcc to snj, tliat iiever Emperor of 
Cliina, Caliph of Bagdad, or Great Mogul liad such a 
liabita.tion aa &ur banker, aud for n very good reason — ] 
he vrm twenty timeg as ricii oa any bucU goiitry aa l\ 
have named over were in their livea. 

When all was finislied one trifling flaw was discovered : 
the place was notsupplied with water. A spring-seeker, 
who was summoned to t3ie premises, could ou3y discover 
a small subterraneaiL watcrcoiu-ae, a sort of zigzag pipe, 
formed hy nature, between two bcda of clay, in which the 
rain of the neighborhood collected as in a sort of reser- 
voir. Tim water wag neither very clear nor very plenti- 
ful, as you may imagine ; and tliQ professor appOJatod tc 
esaraino it, having begun by tasting it, made a horrible 
face, and declared there was no use in proceeding any 
fui'tSier 5 for it had a stagnant flavor which would not 
be agreeable to my lord. 

To the amazement of every body, my lord jumped for 
joy when h-e heard this unpleasant news. It was pro- 
posed to him to fetch water from a river wliEch flowed a 
few miles' distance off ; hut he would hoar of nothing 
of the sort. What he wanted was something new, unex- 
pected, impossible — tliat was his object throughout. Ho 
took a pen and drew up at a sitting the following pro- 
gramme, which eausod our poor professqra to open their 
eyes in dismay : — 

1st. We Will use the water on the premises. 

2udly. It shall flow night day and in all parts of tlio 
palace at once. 
6* 
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Sjdly. There shall bo plenty of it, aud it eLall Iw 
good. 

Tlio proferaora looked at each other for somo time 
without ppeatiiig, and tlie gravest of them, whose for- 
times and characters had been lon^ ago established, 
suggested that th-ey should aimply give my lord and his 
moaey the slip, and so teach him to make fools of people 
another lime 1 

But the yoimgsters, lesa easily discouraged, cried out 
against this with o&c accord. Thoy declared that tbe 
honor of science was at stake, and that they ouglit to 
retwuirapudoDcc for impudence, by executing lo the let- 
ter the impertinent programme 1 At length, after much 
diacnssion and many proposiliona made against all hope, 
and thro";!'!! aaide one after tlic other as impracticable, a 
Budden inspiration crossed the brain of an engineer who 
had not yet spoken ; and the following i.=5wliathe pro- 
posed ; — 

What prevented the water from heing sweet and fit to 
drinlc, was the want of movement and air. "What had lo 
'je done, therefore, wag to erect a pump, but a pump pro- 
vided with numberless small pipes, extending to the 
watercoui-EO in alt directions, and so arranged that by 
means of llicm it phould he able to draw up the water 
from all the comci-g aud windings where it lay Btagtja- 
ting, and then forcing it forward into a pipe termiaating 
in a rose, like thut of a watering-pot, wlieuce it aliould 
gush oat to fall down in fine rain, into a reservoir in tlie 
open air. From thence another aeltou of the pump wna 
to bring it ba<^k weli aerated, to send it once more into 
a large pipe with numeroaa. lesser ramifications, which 
should convey it into every corner of the palace. 
Up to this point all seemed practicable, but the liardosi 
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pai t !iad not yet coniR. Tlie great ditnetilty was 
supply (Lis eQormoua cons urn ptioa witli 30 aleader a run- 
nel of water aa the one at their disposal. But otir ea- 
ginCtir iiad piTiyidcd for this by a stroke of geniua. 

Under cacli of the taps (alwnya kept open), whicli 
were dispersed all over the palace, ho woold place a 
Email eiytorn, from tlie bottom of which should go a 
pipQ commnnicating with the body of the force-pump 
which drew up the water from the original watcrcoiirae. 
By which means the water wliich ran from the tapa 
woultl be talten up again and go back to feed the reser- 
voir in the open air ; whence it would again return to 
supply the tai)S ; and &o on and on, the same water cOa- 
tinually keeping tho game alive, as people call it. Have 
you aot aometiiiaeg seen at a circus or theatre a large 
army reproi^ented by a hundred superanmeranes, -who 
file in close columns before the audience, going out at 
one sideof the stage and coming in at the other, foUoW' 
iiig close at cacli other's heels indefinitely ? Byasimilar 
artifice tlic engineer would change bis meagre little run- 
nel into an inexhaustible fountain. Tiio water drawn 
up from the watercourse by ench stroke of the pump 
•would fully compensate for what wag used in its passage 
througb the palace by the inhabitflnla. Lastly, as it 
might somotimea happen that the said inhabitants wash- 
ed tlieir hands nnder the taps, the water on its return to 
tlie cinterBs, was to pass through a Bcries of small iilters, 
in order to cleanse it from any impurity it might have 
contracted by the way. Always flowing, always lirapidi 
it would soon lose every trace of its original aource, and 
might defy comparison with tbe water of any river in 
the world 1 

A unaniraous buzz of congratulations welcomed tliis 
plan, at once so simple and 80 bold, and our professors 
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thouglit their troubles were over, lat they -.rcro not at 
the Cad of thoir difiicultiea yet AVUeu it came to the 
actual erection of the maciiine, {naturally a mMl com- 
plicated cue, 03 it had to set a-going n quiuLuplo system 
of ijipes— pipes Irom the water-coiirso to the pump, pippa 
from tlio purap to the roacrvoir, pipes from the reservoir 
to the pump, from tlie pump to tlie taps, and from tlie 
taps to tlie pump again,) — our baukor, who had got 
amused and excited aa they went on^ conducted them to 
a small dark closet, Only a few sfjuaTe ftct in si?,c, con- 
cealed in a corner of the lar^c apartments, and informed 
them with a laugh that lie had no other place to offer 
them. Besides which, ho made tliem underatand that on 
nccouut of its Bituation, there could be no question of 
furnace or boilers being set up there {ho detested 
equally coal-smoke, fires, and explosions) — nor of work- 
men employed about tlie machine {it wouLd not bo decent 
to have them going np and down the front staircase) — 
nor abOTO all, of the frightful brake- wheels alwaya 
screeching and grinding, the unwieldy pistons rising and 
falling with a aoiw eufBdent to give one the hoadaehe. 
He himself slept near the little dark eloset, and tha 
elif^htest noise was fatal to his repose. IlaviDg explain- 
ed all this, the rich man cnrtly made his bow and re- 
tired. 

For once our profcsaorB owned themselves beaten. 
They had come forward quite proud of their inTCntioo, 
and now they were received, not with ecstasies of de- 
light, bnt with fresh demandg, more ridicnloug even than 
the first. They were decidedly being mystified, and 
were preparing in consequence to pack up and begone, 
fiirioug, and swearing by all their gods that thoy would 
never again expose science to see itself disgraced by a 
purschproud Tulgarian^a scorn ; when, lo ! happily, a 
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good fairy, tbe special fricad of learned men, came pass 
ing by tbat way. Slio raised her eucliantcd wand with 
tUe tip of bcr inger, and all at onco a little girl drcased 
in Ta^ appeared in tlia midst of our astomahed pro- 
fesaoiB. Witlioiit giving theai time ta recover tlicm- 
selves, tbe cTiild put lier haad into tlie little patcbcd 
waist of lier dress, and drew fortii a rounded object, 
about tlic size of her closed fist from wEiich Lang a 
quantity of tubes spreading in alt dircctioiia. 

"Seel" criod she ; "bere is the machine jour banker 
demands of you." 

Picture to yoTiraclf a small cloiied bag, narrowicg to 
6 jwint at the end, and Bspirated tPLtbiu into two very 
distinct couipai'tinoiits by a fleshy partition which wcat 
acroas tha inside fi'om tiie top to tlie bottom. Such was 
tlie object lield npby tlie little girl. From each of these 
compartnieuts issued a thick tubeiramifying into endless 
smaller ones ; and they were moreover each surmounted 
by a sort of pouch, into which ran another lube, of the 
Bame description as the iirbt. Each of these four por- 
tions (tbe two compartmenti and their pouches) was in 
constant but iudepondent motion, di^Titcnding and eou- 
tracting alternately; and by carefully examinijig the 
iioiselcsa play of thia singular machine, (the walla of 
which wcrGf by the rnagic power of the fairy, rendered 
transparent to ttio bystaudcrs,) the learned assembly 
were very soon enabled to convince themselvca, that it 
fulfilled all the monstrous conditions exacted of them 
by the fantastic millionaire. 

All was in raoveaaetit together, I told you ; but let ug 
begin at one end. The rightdiand corapai'tment and its 
>ueb represented the flri^t pump ; the pamp employed 
draw, by the same stroke, the water Q-oni the Blag- 
maiit channel, and that from the taps. It was perfectly 
eiiay to dlitinjinisb the two systems of pipea, and how 
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tliey united iGgetlier at the amall poach on their arriTal. 
When this was illatctitlcd, a vacuam was created inside, 
Thicli was instantly filled by the liquid from tlio tnbfl 
winch raa into it, (do not ask mc why or hoTr ; I "will 
explain that presently). When it contracted again, Iho 
liquid whieli had just eutcred waa not able to get back, 
teing prevcntoil from so doing hy a very ingcuioM and 
simplo coDtclvancc, which requires a brief exjjlaoation. 

TalcQ off the lock from your cliambor'door, which 
Opcua inside; then, standing outside, puwh against it 
with your shoulder, and you ivill get in without any 
difEciilty. But when you ato ID, try to puah the door 
open again with your shonlder in order to get outsido 
into the passage, and you will find that you will not be 
lable to pass through, and this simply because it does not 
open on that side. 

Which was exactly what happened to the liquid in 
the pouch 1 

Tfic door between the tube and the pouch only opened 
inwardly, and the liquid finding itself presBcd on all 
sides in proportion aa the pouch contracted more nnd 
more, and unable to return, was obliged at last to inako 
its way through another similar door which led to the 
large compartment below. Here the same gamo recom- 
moDCod. Tiic compartment which had distended itself 
to receive it, contracted in its turn, and the liquid find- 
ing the road again barred behind it, had no choice but 
to force its way through tlio tube which led to tha aii^ 
reservoir. 

Hero comineaced the work of the second pump, — the 
purop of the loft compartment. The little poueh, when 
distended, waa filled by the liquid from tho reservoir, 
and then forced it forward into tho large eompartment 
bflow, always by moans of the same process. This eom- 
pnrtmcnt a^ain drove it, by a powexM controctlnn, into 



THE IlEiKT. 



ni 



tie largo conducting tube diargcd witk the office of its 
gcneriil diatribation tbroiigbotit the body. At the cad 
of all -which, it returned once morG into tho right-hand 
putup as before, to purauq tlic game course again, &<:., &Q. 

T]\iia, HA yoii sec, the wliO'le oicchaniain turned upon 
two little pointg of detail, of tho simplest dscriptioa 
possible ; namely, first, on the eatranceH3oors only open- 
iug ouonc fiide ; and secondly, on the elastic corera of 
the pouches and compartmenfe distending and contract- 
ing ppontaDeoualy. It was the prettiest thing in the 
world to eee tliia unpretcndiog-lookiug little bag^ working 
thus, qnito naturally, without a suspicion that it was. 
aolring a problora which so ma-ny men, proud of thsir 
Bcience, bad givGu up as bopelcsH, Certainly here was 
a maehiuG which made no noise ! Once installed in its 
dark closet,, it would have been necessary to place your 
hand upon it to find out that it moved at all. My lord 
conld certainly sleep boaide it without disturbance. 

"How much do you waut for it?" said they to tbe 
poor little beggar girl. " Name your price ; have no 
fear ; wo will pay you anything you wish." 

"I cannot give it to you,''' replied the cluld ; " I need 
it too much myself: rr is MT nEAST. Now that you 
have seen it, make another like it, if you can." And 
she disappeared. 

It is said that the engineer, who longed to sec his ' 
idea carried out, tried hard to construct a aiinilar ma- 
chine with gutta-porcha aud iron wires, iiiid lo set it in 
motion by ekctricity. But history does not toll us that 
he succeeded, ami wc have yet to ask our^olvca whether 
tlie richest man in the world, aided by the wisos-t men 
in the world, could ever provide himself with a miracle 
of wonder, such as the ragged child had received as a 
free gift from the hands of a gracious Creator. 
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If yon liave tborougly uuQerstood tie story I last lold 
yoa, my child, it will have repealed to you the whole 

mystery of the clrci.Uu.iion of the Hood, and you arc at 
the present moment wisci" than all tLo learned mOn of 
antiqiii ty and tUo middle agC3, for th&y had none of them 
the laiotodt surmise of the truth. 

It may, perhaps, B-cein odd to you that men shoald have 
eiiatod for iipwiuda of flvo thousand ycara without mak- 
ing inquiry inLo a matter whioh so closely coacorned 
tKem, and wliich was so easy to find out. la it not al- 
most incredible that ao many hearts ahould Iiaro boatcn 
for BO long a period without any of th-cir owners having 
felt a wish to know exactly why'? Yet so it is. Tho ac- 
tion of tho heart and tho flow of the blood have not been 
understood for much more than two hundred years, and 
the man whoao name ia attached to thia great digeoverj 
richly deserves that wc should say a few words about 
him. 

He was called Harvey. Ho waa an Engliabman ; 
physician to King Ctiarles I., who was beheaded in 1648 ; 
and when he first ventured publicly to teach that tho 
blood waa constantly circulating from one cud of the 
human body to tho other, perpetually returning and re- 
traciuj; ita steps, a great scandal was created m tha 
world. Ho was called a tool, — an impertinent innosa- 
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tor,-— a mfidman. HLi wonla sliattercd old doctrines, 
and lie OTtlj rcccircd for his reward all the petty aunoy- 
ances which men arO apt to lavish so freely upon any 
one who tell^ tbcm aometUiag now ; becaiaac — do yon 
see? — it is eo (Jlsogreoable to be distnrbcd. in one's liabita 
and preconceived ideas. 

Harvey is not the only ouG in the history of mankind 
who has committed the eiu of being right iu do&anco of 
theoplQlons of his age. It is tnie posterity takes accocnt 
afterwarila of the labors of genius, and inscribes a &csli 
name upon her list. But ono mnst pay for this glory 
in one's lifetime. One cannot have everything at 
Once. 

This is an old story, my child, but always new ncper- 
thelosa ; and for my own part it is, I own, one of my 
pleasures to arauso myself by rofleeting how much causo 
for langiitcr three- four tha of the great men of the present 
fJay are providing for the little girls who shall be alive 
two ceiLtiiriea hence. Time is a great avenger, and puts 
many things and men in their proper places. 

Let ua paoae here a moment while we arc speaking of 
Elarvey. I should be cnrioua to know what any one of 
the courtierg of Charles I., bedecked in feathers, ribbons 
and laceSj would have said to the valet who would have 
placed tbo excellent Harvey, with his ingano invention, 
above his most gracious majcaty, the lord aud king of 
oil Great BritainI And yet what h his most graeioua 
majesty to you tonlay? What do you owe to him? in 
what does ho interest you? While you can never hear 
Uio name of Harvey pronounced without remembcriDg 
^that yoa arc under many obligations to him I A thon- 
' Band years hence, when society shall have made the great 
proprcsa which may reasonably be expected, the naoio 
of Harvoy will be familial' to every one who owns a 
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heart, while tliat of Cliarlaa I. -vnll he ouly a yanlBlw 
shadow ; a soavcuir loat. iu the mazo of history. 

Our debt of rum emb ranee paid, let tis retarn to the 
h^art — the littlo closed hag which labors so prettily. 
Wo most now inquire the real names of whatever has 
figured in our stoiy. I 

The two grea.t compartmenta are called venf^'icles, the 
two small pouches aun'cks, and they are also distin- 
guished as being on tlio right or leftside ; — rii^ht vcnlri- 
cle, left veidn'ch, riijhi auriclsj left auricle. 

The inner doors on which depends all the action of t!ie 
machine, are called valvdtts. By-and-byo, when, the 
pump and the st^am-cnginQ arc explained to you, you 
■will meet again with these trcachcroiiB doora, which 
never allow what has onoc entered to go back again ; 
but then we eliall call them valu.es. 

The air-rescrvoii',I need searcely toll yoa, is the luu;/, 
to wtiicb the blood gooa to put itself in contact with the 
air. 

The aabterrancan watercourse, of whicli I hope we 
have talked long enough, is iJie small iniesiim!, in which 
ttfl chTfle coUecta ; and the tnbea which run into it arc, 
of course, the dujUfemis vess<;b, tliQ only cbannela by 
which anytbin* reaches the heart which has not pre- 
viousiy gone ont from it. 

The tubea of distribution, whieh run out from the ma- 
chine in ali dirGctions, are called with ns ai-teries; the 
return tubes, which bring back the water to the mnchino, 
nro called veins. 

Finally, wo have not exactly the Jlllers employed to 
clear the water from the impnritiea contracted as it goes 
along, for no such thing exists iu us. There arc in our 
case the refuge-chnmbcrs of which I haTC already apoksn, 
lin connexion with the liver, where the b!ood diseinhar 
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rasaes itself of any osgUks materials, and from which it 
c&mes out ivitii clean pockets, so to apeak, rovcrtin^ tr 
tlio compai'ison of W"liit:h wo liavo already availed our' 
sflvc?. 

As you see, -tLeii, cvcrj-tliin^ cornea round again ; and 
tlic bright idea wliicli our profcssora Lit upon in order 
to satisty tlic caprice of tlio banker h csactiy cnrried 
oat ill your own tody, only a thousanii times more per- 
fectly than coiild kavo been done Ijy tliem all, eTea with 
all their gcicnce added to all hi3 moaey. 

I mentioned tliat the slirewdeat of tho party boasted 
about making an artificial heart. JJiit, lot mo toll you, 
tliere is one thing I would kavH diificd liim to imitate, 
by any expedient he could devise, and that is the inimi- 
table constmcti.oa of the arkriea and vein^, and the ia- 
comprehensihle delicacy of their innumerable raniifica- 
tio:i3. 

Let 113 talk a littlo about tlieee marvellous tub&s, and 
begin "with the arteries, wLich. hato the most important 
part to play. 

Did you ever gee a doctor try the pulse of his patient ? 
Tate hold of your owa wrist and search a little above 
the thumb. Ton will soon find the placG and feel some- 
thing beating agaiast your finger. There is an artery 
which passes there, and tlio little beating you feel is the 
rebound of the piilsatlona of your heart. Every time 
that the left \ienii-ich, by contracting itself, 'chases the 
blood into the arteries, these, of ivhich the tissue is very 
elastic, Ijecomc diat«nded all at once, and then contract 
again, repeating the process whenever a freah gusl of 
blood arrives, BO that their movement is exactly ngu- 
latcd by the movement of the heart. It is trae the two 
movciiieota arc iu a contrary direction ; that is to say, 
tlie artery becDmcs distended, wHlc the heart contrncts, 
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and ccvnti'ftcts when tho heart enlarges itself; but that 
iiLiiIiCfe! no dilfcrence to the doctor. What ho wants to 
know ia, with what force ami raiiidity tlio Iieart of the 
patient beats, and I will esfilain why. It is nu interest- 
ing point in the history of circulation. 

Wlien yon were very lilLle — very little indeed, ray 
dear elild — your licart beat Crom 130 to 140 times in a 
minute, jii'terwarda tho beata sank to 100 pcr minate ; 
then to fewer Btill. At present I cannot tell you the 
precise number; perhops, about ninety. When you arc 
a growu-np young lady, it will beat about eiglity times 
in the uiinnlfl j when you are a mother, about sevcnty- 
Uircc liiaoa ; when a grandmother (if aacih a blessing be 
granted ynu), only from fifty to sixty timca, perhaps even 
fewer. People tclt of au old man oi" cigbty-four whoac 
licart beat only twenty-nine times in the aisty seconds. 

Observe tliat in all uiy calculations I have taken apccial 
care to prefix tSie word«J(?«i;to the numbers mentioned. 
And tiiis became, in point of fact, tho heart is a capri- 
ciona creature, which lias no exact rules to go by. It 
changoa its pace on every oecaaion — fear, joy, every 
emotion which agitates the soul, quickens or retards its 
inoveraGnta ; and derangements of health may be deteclr 
cd by it^ pulsations, which are inflnitely varied in chai"- 
acter. In fever, for instance, which is nothing but a 
race of the blood at full speed, the liearta of grown-up 
people beat 03 quickly as those of little children ; soiae- 
timea, indeed, more quickly Btill. In certain. inaladi{s it 
goes with great guddon. leaps, like a galloping horse ; in 
others it trota in. little jerks ; while in some cases it 
moves BlowSy and wearily, aud its throbs are so weak 
that one can scarcely feel tbem. 

These pulsations, then, nfford important rcvclatioa'5 to 
the doctor* The Leart ia for bim a gossiping confidant, 
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n'liolois out the secrets of iElnosscsJiowevcr cloacljtliey 
may fancy tlieinaclvea liiddcu in the remote depths of 
the body. When the doctor iays ]m Qnger on tho pa- 
tient's piilaCj it 13 precisely the same tliinj; to hiia as il' 
he had laid it on his heart, only with this differeuce, 
thnt the one ia much less difScult to do, and much Boonor 
done than the other. 

Tlio artery of the wrist is in fact a timall heart, not 
only because it follows all the moTemcnts of tho large 
ODD, but bccauad it carries forward the work which the 
other begins, and assists also in propelling the hlood to 
the furtliest extremities of the limbs, drifing it Od ia its 
turn al each of its own. contractions. Imagino a Ore- 
engine, whoae pipes Bliould take up and di-ivc forwarda 
along their whole length the water which is thrown upon 
the fii'C, mid yon wiU have some idea of the marvellous 
machiae which is at work in our behalf within ua. Nor 
are you to suppose that the WTia-t-artery is a specially 
pnrilcged one, because it haa been chosen to Iiold inter- 
course with physicians. AU tlie others are equally ser- 
viceable ; and if they cannot all bo used for " feeling the 
ptJse," i t u beca.u30 they are generally more deeply buried 
in the flosh, where it ia not easy to reach them. 

Observe your mother when she ia packing a trunk, and 
you will see that whatever Bho is most afraid may he 
spoiled, Bho is most careful to pat in the middle, bo thai 
it may be least exposed to accident'<. And this 13 what 
a kind Providence hoa done witli the arteries, which 
have the utmost cause to dread aecidonta :; whilst the 
veins, which arc miicii better able to bear rough usage, 
arc allowed to wander about fi-eely just umler the skio. 
But when the bones happen to take up a great deal of 
room, and come near the skin thomselvei, as is the case 
in the wrist, tho artery is foicod, whether ho likes it or 
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notf to Tentiiro to the surface, and tle»wc are able to 
put our fiBgera upon Iiiiu. 

And tlierc are others in tho samo BOrt of situatiou ; 
tho artery of the foot for ioatanco. But only just think 
how far irom agreeable it would bo io have to t&ke off 
yquT shoo and preaont your foot to the doetor I 

The artery wbich pusses to the t'cmple, just by ttio 
oar, is another affair. T!iat would answer tUe purpose 
very Tvell in fact, and I even adyiae you to make use of 
it wlicn yon want to feel yoiir own pube. It h more 
easily fouod than tlic other even, and ite pabationa are 
still more easily perceptiblo. Novertlielesa, when all ia 
said aud done, it ia letter for the doctor to take hia 
patient l>y the hand than by tho head. Merely as a 
matter of good mauncrR. 

I will now make you actiuaiuted wiili the principal 
arteries, and the manner iu which they distribute tho 
blood through the body. 

The whole of the blood di'ivcn oat by the left vcaCride 
at each of its coutractiona, passes into one largo canal 
called the aorta. The aarfa as it g:oe3 away at first 
ascendB ; tlien bends back in a curve ; and from this 
curve, which is called tho arch of the aoria {from ita 
Bbape) diTcrgc right and left, certain branch-pipes wJiieli 
carry tho blood iuto tho two arms and on oach side of 
the head; and which are, in fact, the beginning, or ui> 
per end, of those whose jmlaations wo feci with our 
fingers in tho two wrists and at the temples. 

Tho supply to the upper part of tlic body being so- 
:urcd, the aorta, begilns to descend. Bat now imagine 
of what importance it must be, that this head-artery — 
the fi>:ter-fatber of the whole body — should be sheltered 
from every accident. The aorUi once dividcdj death i^j 
iiierjtable ; you might as well have your head cut off at 
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on«G ; and Ibus'fcbas bocu fixed in the bcsl — that is to 
say, tliQ safest — pla.ee. Of com-jic you know wliat is 
meant by tko hachho-nn or spins^ called also t!ie veriebral 
column, ill consequcnco of its beiag- made like a sort of 
colmnn composed of a eerles of small bones foBteucd 
togetlicr, wIiicL aro named vertArm. Toach it and feel 
how solid it is, and \\o\y few dangcra tlicre cao be for 
anything placed behind it. Well, that ia the tampavt 
which has heen given to the Aorla. As this descends, 
it elips behind the heart and takes up ita place in frort 
of the veftrhral cfiliiiiiii. which it foUowa all the waj 
down Ihe baclt, just to tlie top of the loioa. Tliere it ia, 
so to speak, almost unassailable; in fact hardly, any 
cases arc known of the Am-ln being wounded ; to got at 
it, it would bo necessary to boatow one of those blows 
■which used to be gi;'cii in itio time of the Crusadea, wliich 
cut Uic body in two. There waa an end of the Aorkt, as 
of every thing else then ; it wa3 unfortunately not worth 
talking about any longei' I 

Tim ne?:t time you see a fish ou the table, ask to bo 
ehown the large cfintral bone. It is the fish's vertebral 
columiij and it will give you an idea of yonx own, for it 
is constructed on the same plan. You will perceive a 
blackish thread running all along it — that is ilie aorUt. 

As it deacends, the aorta sends off on ita paaaagc a 
great number of ai'teiies which carry the blood into all 
partd of the body. Arrived at the loins it fortti3 a fork ; 
di^idi^g into two great brancheg, whicii continue theji- 
desceat, one oa each side the body, down to the very 
cstrcinitiag of the two feet. 

As you perceive, dear child, this is not very dilliealt to 
remember. A largo fork, whoso two pointa are at the 
tip3 of the feet, tlio handle of which curves at the top 
like the cfook of a crozler ; i'l-um this curve come four 
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brancliGS, which \mss into the two arms and to the twB 
sides of the head — and this is the wholo storj-. But of 
couj'3c, it would be another affair were I to eiiLcr into 
tho detail of all the raiuifi(:at.ioiis. Hpre it is that all 
eiig'iiicer3, past, t>re3cnt, and futuro, ai'C baffled, defeated 
uLi oatdoucl Choo&o any place you please iipnn yoai 
hody, afld run the fiaest needle you can find iiit^o it 
what will irauc from the poncLuroV 

" Tiiiinka for the proposal," you say ; " I havo no ofl 
casion to try the experiment, to discover that blood will 
come oaL" 

You say that very readily, young lady ; but haye you 
eyer asked yourself, what is implied by your being bo 
BUrc before hand that yon can bring blood from any part 
of your body if you clioosc to prick it, though never so 
Blightty ? It implied that there ig not ou your wholo 
frame a 'ipot the size of a neodlo's point, which has not 
its own little eanal fiUoil with blood ; for if there were 
sueh a one, tlicro at any rate the noodle would pasa in 
without tearing the canal, and caiwiiig the blood to flow 
oat, And now count the numbei" of places from the top 
to the bottom of yoar dear little pelf, ou ■which odo could 
put the point of a needle, and even when you have coantcd 
tliem all, do not fitnoy you liavo arrived at the number 
of the tiny tuliod of blood. Compai'od to those, yoar 
noedle is a coarse stake, and tears not one but a thou- 
sand of thc?e little tnboft in itS" passage. 

That ficcms to you ratlier a strong espresBion, does it 
not? But let Toe make good my boldnesa. A needle's i 
point i3 very fine, 1 admit ; but a person who could notJ 
SCO it without Bpectacleii must Jiave very poor aightj^ 
"Whereas the last subdivisions of the blood-tubes are sj 
attenuated, that the best cyei; in the world, your OWJ 
included, cannot distinE^i'sh tliem. Yga arc aatonight; 
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at tliia, aad yet it is notliing comp&rcd to what fol- 
lows. 

JVo doabt you have Leard of tbo microscopo, — tbat 
wonderful instruraeat by wbicli you may ace objects a 
thousand a Imndi-ed thouaand, a million times, if neeeg- 
sary, larger than they really arc. With the microscope, 
therefore, aa a matter of course, wc can see a goocl many 
of those tiny canals whicli elude our unaided sight. 
But, alas I wc discover at tho same time that thcae are 
by no means tlie lagt eiibdivigiona. The canals invisible 
to OUT naked eyes subdivide themaGlvca again into othcri3, 
and these into others agam, and so it go^ on, till at 
last — the man at the luicroBcope can sec no more, but 
the snbdivisiong etill continue. 

Tou were ready to exclaim, at my talking of thoa- 
sancls of canals heing torn by a needle in passing 
through ; but had I even said millions, it may be doubt- 
ed whether I should bavo spoken the whole truth. 

Besides, when you consider the office of the blood, 
you can easily underatand that if there were a single 
atom of the body left unvisited by him, that atom could 
never he noujislied. Do I eny nonriahod? I havo 
made here a supposition altogether inadinisBiblo ; it 
■could have no exiatence at all, since it ia tho blood only 
which pi'odueeg it. 

These impcrccptihle canals of blood Lave been called 
capiSaries, from the Latin word, capUlus, whicii meana a 
hair; bocanso the old learned men, who had no suspicion 
of the wonders hereafter to bo revealed by the micro- 
ecope, could think of uo better way of esprcasiag their. 
delieaeyf than by comparing them to hairs. Very likely 
they thought even thia a great compliment, but your 
delicatt fair hairs, fine as they are, are absolute cables — 
and coai-se cables too, bolleve mo, compared to the ea- 
6 
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ptllary vessels which extend to every portion of yonr 
body. 

Observe further, that each of these arterial capillaries 
is necessarily composed (being the continuation of the 
large ones) of three coats enclosed one within the other, 
which can be perfectly distingnished in arteries of a 
tolerable size ; add to this that within these coats there 
is blood, and in the blood some thirty suletances we 
know of, not to speak of those we do not know ; and 
then yon will begin to form some notion of the marvels 
collected together in each poor little morsel of your 
body, however minnte a one yon may picture to yourself. 
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When I Baid formerly that our dear and wondcifid 
Btewttrd tho "blood, was ercrywhcre at once, jou little 
suspected the prodigies involved in tbat evenjwhere. But 
you will have a glimpso of them now, when I tell you it 
is at tho estrcmities of the capillary arteries that he 
carries on his distribution of goods, and accomplislite 
a mysterious act of nntrition ; a wonder much greater 
even than, that of which tto have just spolcen. Here, 
indeed, the (incstiou Is no longer mechanical divisions, 
■whoso delicacy, surprising aa it may be, is yet within 
our powers of comprehension. What ia moro aurpria- 
ing still, what tuoreover we cannot Comprohcnd at all, 
J3 tlio delicate sensitiveness of tact — I would almost say 
of iDBtinct — ^with which each one of the million milllona 
of tiny atoms of whicli our body is eompoaedr draws 
out of tho Mood — the common food of all- — exactly 
that aliment which is necessary to it, leaving- the rest to 
his neighbor, and this without ever making a miatakc. 

You have never thought about this ; for children go 
on living at their ease, aa if it waa the simplest thing in 
tho world to do ; never suspecting even that their life k 
a continued miracle, and never, of course, therefore, 
feeling bound to bo grateful to the Author of that mira- 
cle. And alast how many hundreds of people live and 
die children in that respect. 

(12-11 
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But what ivoiikl liappC:Q, I sliould like to kjiow, if ilic 
eye took to seiaiog upon the food of tUc cuil, if tba 
liairs Btopjmd on the way what wss intep-ded for the 
maaeloa, if tlie tongue .ibaoi'bod wbat ought to go to tlia 
teeth, aud iha teotli wlmt ouglit to go to the tongue 1 
Yet what pi-evcuta their doing 30 ? Can you tell me 'I 
Tlioy all drink alike out of the Pnme cup. Tlie sama 
blood goes to furniali tlicm all. Tiie Buhstanccs llmt it 
briogs to tlio eyo are the same aa those which it bringa 
to the nail ; and novcrthcless tho eye takes from it tliat 
which makM au oyo, aud the nnil that which makes a. 
nail. 

TIow 13 tliiB do!!0, do you thiok? that k (lie qucation. 

"Whea the doctors reply to this, that each organ Ima 
its peculiar scnsibiHty, which makes it recognize and 
imbibo from the blood one particular substauce and no 
other, tliey arc strangely mistaken if tlicy flatter theai' 
selves that they bav6 "really auswcred anything. They 
tiavo done uothing but roproducQ tlio question in other 
words, for it is precisely that seuBibility which rpquiroa 
cxplanatioDf and to tell us that It exists, does not ex- 
plain much, you must own. If you were to ask why yoa 
Lad got a headache, and some one were to reply that it 
waa becauac your head ached, you would not be much 
the wiser I fancy. 

Each &f our organs, then, may be considered aa a dia- 
tinet bGing, having ita separate Hf<J, and its particular 
likings. These organs behave towards the blood like 
men who recognize some friend in a crowd, and proceed 
to scizo him by the arm ; and when I told you just now 
that tbey never made a misttike, I epoke of their regular 
course of action in ordinary circumstancra. Like men, 
they also make mistakes Bomeliracs, in certain coses ; 
and take one subatancc for another, or do not recogniza 
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ne they are in need of ; an iinansworablo proof that 

other times they exercise a sort of diecernment, and 

do not act hj a sort of fatality, as one might be tompiod 

Bto believe. Look at the bones, for instance. They arc 

^composed of 'jtlatme {wliicii cooks aerve up under tlie 

name of meat-jcl3y, but -which would be more properly 

tailed honc-jclly), aiid of phosphate of lime, a kind of 
tone of which wc have spoken before, if [ remember 
igbtly, and from which they get all their Bolidity. Origi- 
nalty, the eubstaneo of t!ic bone is entiroly f^ulatiiioas, 
and the phosphate of lime deposits itself tlierein by de- 
grees, as time goes on, and always in greater abondance 
^^as wc adyanee in age. 

^ Properly the hones borrow only g-elatinc and phos- 
phate of lime from the blood. Eat when tliey como to 
be broken, their toi^itTire or tr'ssiic infiames in the frac- 
^tured place ; and then it changes ita tastes, if I may so 
^■tGxprcf:^ myself ; and, lo and behold, cstfactt! from the 
H'blood thatwhich forms certain little fleshy Bhoots,wIiicli 
^unite together from the two sides of the fracture, and bo 
mend the broken hone. Here ia one exception to the 
■ Tule. 

" Again, in certain diseases, the boncs suddenly quarrel 
with the phosphatQ of lime ; they ivill not hear of it 
iny longer, they will not accept a fresh supply j and fl3 
the oW wears out by degrees, by reason of thecontinnal 
destruction of which I spoke tho other day, the bones 
become more and more enfeebled, and soon can no longer 
support tho body. A second exception this. 

Finally, when old ago eomea on, tho bones end by 
beiug so miicli encumbered with phosphate of lime, that 
they have no room to adroit the fresh supply which keeps 
coming to thcra in tho blood. What becomes of it then? 
It goes to seek ita fortuno elsewhere ; and there are 
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charitable soala, wlio forgetting tlicir instinctive autipar 
thies, consent to give it hospitality, ttioiigli much to the 
prrjiidice of the poor old man liimself, irho is no longer 
ijcrved fio well as formerly, by the incautioaa servanta 
who haYO allowed thcmsclT-cs to bo thusfataUy beguiled f 
but no one consults him. It hs- the arteries especially, 
and sometimes the niusclea, ■which take this great liberty, 
and it is not unusual among old people to meet with 
these fairly ossified — that is to say, changed iuto bone, 
thanltd to the phosphate of lime with which they hare 
consented to "burden themeclvcs. Thl? is a third excep- 
tion, and I will spare you any others. 

What may wo infer from all this, my dear child? 
Well, two thiuga, First, that we kuow nothing at all 
about the whole affair ; a fact which at onee placea ub 
on a footing with the most learned philosophers in the 
world. Secondly, thatour body is apcrpetual miracle; a 
miracle which eats and tlrinka and walks, and which wo 
must not look down npon for so doing : for God dwells 
thereia. I should have to come hack to this at ercry 
turn, if I wanted ta fatliom everything I have to tell you 
about. Each tip of hair whicli you grow, is an ineom- 
prehenaiblo prodigy which would puzzle us for ever, if 
we did not call to our aid those eternal laws which have 
made us what wc arc, and to which it is very just our 
spirits should submit, since we could not exist for one 
Bccond were they to cease from making themselvea 
obeyed in mir bodies. 

Eellect on this, my dear little pupil. Youag as you 
may be, you can already understand from it, that tharo 
13 above you something which demands your respect. 
The good God, to whom jour mother makes yon pray 
every night, on your knees, with folded hands, is not so 
far off as you might perhaps suppose. He is not a being 
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of tLe iancy, secluded in the depths of that onknowD 
^ace which men call Heaveii, in order to give it a name. 
If His all-poverfhl hand reaches thus into the innermost 
recesses of yoar body, His voice speaks also in your 
heart, and to what it says yoa most listen. 
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CosTBAur to my custom, my dear cliiH, I made vse, 
in the last cliapter, of a now word, without giving an 
explanation of it. 

I Epoke to you of our oi-gans, and wo havo not yet as- 
certained what aa oryan ia. 

You probably knew -what I meapt, because it is a word 
which is used in conversation and pretty well understood 
by eyorybody. Bat I am bent upon giving yoa a more 
exact idea of it, for tlio tronWo will bo well bestowed. 
If I did not do this at once it was because there is a 
good deal to tell about, and that would hare c&rried mo 
too far away from my suhject. 

Organ, coraes from tlie Greek word organon, and 
meang instrumeM. It was used particularly to sig'airy 
ioatraments of music, so much so that our word "organ'' 
cornea from it. Our bodily organs then, are instruments, 
or tooU if you lite it better, which have bflen given to 
us, wherewith to perform all the acts of life ; and as 
there is not one part of the body which ia not of uae to 
ua for some purpose or other, our body 13, in point of 
fact, from head to foot a compound of organs. ThttS the 
band is the tool wluch wo make use of to lay hold of 
anything — so a.Tiorga7i; the eye is the iaatramont of 
sight — 80 &.a.07'ga}i; the heart ia the machine which 
causes the blood to circulato— so an organ ; the liver 
(138) 
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iiiliHcates "tlkj bile — it is an organ tliercfore ; tlie bones 
ore tlte framework whicli support the -weight of tltc "body 
— BO organs ; tiie niusclcg arc the power which seta the 
bones in movement — organs also, therefore ; the ekin is 
the armor which protects tlieni — so an organ: m fact 
ererythiug within us is an organ. If* there was any 
corner of our body which was not an organ, it would be 
Tiflclcgs to us, and wc should not, therefore, have received 
it, hecaoso God makes nothing without a me. 

Hero liea the secret of that great mirjiele which is 
called life, I do not know whotlier you will be able to 
understand me thoroughly, but opun your ears, as if some 
one was going to explain addition to yon; this is not 
more difficult. 

Life is in reality the total of an addition sum. Each 
one of om- organa ia a distinct being which has its par- 
ticular nature a,a(l special oEce ; ita separate life conse- 
q^ucntly ; and our individual life is the amn total of all 
these lesser lives, independent one of the other, but which 
nevertheless blend together by a mysterious combination, 
into ono common life, which is everywhere and nowhere 
at tho same time. It follows from this, that the more 
organs a being baa, ihc greater is the sum total ; the 
more, consequently, ia life developed in him. Eenifiniber 
tliiB when WG begin to study life in tho lower animals. 
In proportion as you find the number oioi'ffa7is diminisli, 
yon will lind life diminishing in power, until we arrive 
lit beings who have, aa it were, only one organ apparent, 
and whose life is so insignificant, that wo have Bome dif- 
ficulty in giving an acconnt of it, and aro saying the 
utmost that can be said in calling it life at all. 

Bat this comparison of life to tho total of an addition 

sum,i3 too dry ; and, although it has i\s appropriate side, 

yet it might give yon a faUe idea of life ; which is what 

6* 
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always happoua whoa one trioa to Golve Inserutaljlo que* 
tiom and hidduii mysteries by u, raatter-of-fact illuap 
Iratioii. 

Let vi try for somotlimg more to the pur[iosc. 

I loM you tliat tbo Greek word organon waa applied 
ispccially to instraTncnts of music. Well, let ua consider 
unr organs as so many musical instruments. You have, 
probably, sometimes been at a eoucCrt. Eacli of the 
instrumonts in tlic orchestra porforiua its o^rtl part, docs 
it not? TliQ little flute pipca tiirouo;h all its hole^ ; the 
doublc-basa poai*s tbuuder from ita cliori^ : tlie violin 
Bigba with Kia ; tlio cymbals clash; tlio Ohinose bells 
daneo to tlioir own tiiitcUng ; all go at it in their own 
fashion, each independently of the otlier, And yet, whoa 
tic orclicati-a is ia good tuno together, and well played, 
you Lear bnt ono Bound; and to you tho result of all 
these vai-ioua noises, each of wliieU would have no mean- 
ing uloao, ift music composed by some groat artist whom 
you do not sgg. It is no iougor a flute, a doublo-bass, or 
a violin which you licar ; it ia a symphony of Bcfitho- 
ven's, au oratorio of Haydn's, or Mozart'a ovorture to 
Zfoii Juan, 

Life ia jiiat like tliis. All tUo in-atmuieata are playing 
together, and tlicrc is but ono music ; miisic written, by 
God. 

But wait ! when I say H/b is just llks this, lot ua coma 
to an understanding. Life ia s«?«£thing like it, that ia 
all, for as to telling you what life ia, I shall not attempt 
it. I know nothing about it, do you sec, though that ia 
a painful confcasion to have to make to a pupil ; but in 
thia case it doM not distress me, and yoa are welcome to 
hunt tlie world through for a master, who in thig matter 
doea know anything. I could make a Imndrod other 
comparisons, but they would all fail in some point or 
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r. Shall I tell yoa whore tliis cmo fails? In an 
orcliestra there is always a musician by tlie f9ide of tho 
instrument. Now with m wo see th-o instrument well 
enougli, but we cannot sec the musiciaa. 

You art! iQcIincd to ask me, perhaps, why I am yvastr 
iiig so niucli paper to-day ia talking to yon about organs, 
instead of going on tranquilly with our little history of 
the cireulation. But I told you just now that tho secret 
of lifa lioj in tlic organs, and before ontering upon the 
history of life, I ought to Lavs begun with them. It is 
there all tbe booka begic which treat of the subject we 
are etudyiag together, and if you had one in your hands 
at this moment, ifc would teach you that all crcatores 
whatsoever are divided into those which have organs and 
th/>30 which have none — that is, into organic and i7ior- 
ganio beings* {in stands hero for not, as mcompleto 
means not complete). 

This is, in fact, tho starting point for tlie stndy of 
nature, and there arc many other things besides which I 
ought to have told yon before I began. But we went 
straight ahead, without looking at what we were leav- 
ing behind, satisfied with turning aside from tiUflO to 
time tO' pay our debta. 

And while I am making my confesaion, I ought to tell 
you all. You would probably only have listened to me 
with half an ear, if I had begun at the beginning. There 
13 a proverb which says — "The appetite comes with cat- 



• A liunji of iron ia the aajno tlirougihout. Each of Ita porta bus 
tbo BBtao propcrticK qbiI tho aoiuie osce. It lifis no organs, It is aa 
irwrgitni'' beiog. A rygfjtrue haa fliiwera, Tvhjch. are diffecently made 
han^ ha leoTcs, and serve n ilifflTont use : o root which eucks up tho 
precloiu food of the ctirth ; a. hnrlt wMcli ia of a differcDt mituro Irom 
thewMKi, And Bcrrcs a diSeren.t piir]u)Be. It has organs; it Lb rd 
orgaiac being : all aoliaals and re^tkbtw are •orgdnie bein<f*. 
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ing." I do not adviso you to follow this proverb too 
closely at dinner, for it might mislead you sadly. Bat 
it ia always true when applied to learning ; it is what 
one knows already that gives one a taste for learning 
more. If I have been making you bite at the organs 
to-day, which is rather a tough morsel, it was becaose 
I fancied that your appetite had begun to come. Was 
I wrong ? 

Let us now retom to the blood which nourishes the 
organs. 
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It 13 at the extremity of tlie capillary ailorieg, QS 'wo 
have said, tliat tlie ineomppelicnsible prodigy of the 
nourishment of our organs is accomplished. TUis done, 
the next thing is for the blood to retnrn to its starting- 
point ; and here recommence tlio^e inflnitraiuially minute 
wonders of ■which we Lave already spoken. Cloac upon 
the capillary aj-ien'es follow the capillary feins, equally 
fine and imperccptiblo as tlie others. These take pos- 
session of the blood overywhera at once, witbo-at allow- 
ing it a moment's respite, and it is thenceforth on ita 
road of return, travelling back again to the heart. 

Where do the Teina begin? where do the arteries 
end ? No one can aay precisely, since the last ramifica- 
tioiaof each elude the eye of man, bowoyer much it may 
be aided by the admirable instruments which Uia genius 
has invented. Nevortheltss, although no one has ever 
sisccrtaincd the fact by sight, there is one thing I caa 
toll you — namely, that our minute veins are a continu- 
ation of our minute arteriea, and that it is the same canal 
which OA it lengtlieus out turns from an artery into a vein, 
without any interruption ; the Bubatancca destined for 
the no«ri:*hmcnt of the organs passing through its walls, 
as moistui'e pajs^ through oui- skLu whco we pei-spire. 

Bot if nobody has seen this, say you, how can they 
know it for a fact? 

lU) 
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Let mc explaiiu In nmn, and in tlic aiiimals whicli 
come nearest to man. in stmcCnre, it has nerer been, etxn ; 
bnt it has been seen elsewhere. This requires a little 
csplniation, and youinll not rc'^ret mj (riving it here- 
after. It has its interest, I a=3nre you. 

When joa pat yonr hsjid on your throat, how does it 
feel to TOO? TTorm, does it not? And when yon take 
hold of a kitten or a, bird, how do tlicj- feel ? warm in the 
same Tray. Nott, then, can yon tell me whence comes 
this warmth ? Bat to save time I will answer the qncs- 
tion myself. It comes from their and 3'our H'Ood^ which 
is itaclf warmr and we shall soon see why. Yoa hsTO 
no idea of all the cnrioqa facts -nrapt iip in that little 
phrase, " Yoa arc warm-blooded ;" yonr blood ig warm. 
But it has not got warm of itself; bear that well in 
mind. 

Now if yoa toach a frog, a lizard, or a fish, how do 
tbey feel to you? Cold, of conrae, you answer. But I 
ask why ? A question yoo will answer in the game way 
as tie other. Because their blood is cold, Ihcy arc 
" cold-blooded." 

Precisely ; and while yon are about it yo« may add 
that, if thoir blood be coldj it is hecaasc it has not been 
warmed as yours is. Do not be impatient, we fihall make 
all this clear at the proper time and place. 

Now in the cold-blooded animals, snch as serpents, 
frogs, tortoises, lizards, "fishes, and othe^3^ the hlood cir- 
culatca as it doea in uSy and what ig more, it does so, 
thanks to a machinery rery nimilar to our own. Bnt, as 
you may imagine, a maehine ivhich produces warmth 
must be constrocted in a more perfect manner thao a 
maehino which prodaces no warmth ; and to apeak triithf 
without flattering you, there is a little diSerenea between 
you and a frog, and'it seems natural enough that Hie 
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)ody of a frog sliould be more clumsy in structuro fhar' 
yours. 

It 13 the old Btory of the poor man being not bo well 
lodi»cd as the rich ; but puttiog o^ide- i-ich and poor, who 
nre all human bcingg alike, let us take ono of those lovely 
dolls who walk, and move their arcog and head, and say 
l»apa 1 and mamma I and compare it with a cheap bazaar 
doll which yon can got for a praoy. Both are made, in 
the main, in one way. Each lias two arms, two lega, a 
mouth, a nose, eyea, &c. ; but what a difference la the 
d&tails of the two 1 and what infinitely more paina- have 
bcca bestowed on one than on the other 1 

Well, cold-blooded animals arc, so to speak, penny 
doll animals, by comparison with ourselves. Like us 
thoy have arteries and veins, bat tliere is not; near so 
much workmansliip in thorn ; and thab marvellous deli- 
cacy of tlie capillary extremities, which in man and in 
the warm-hloodcd aniraala (kivea the close observer to 
despair, docs not exist to trouble us in these others. It 
b true that with the naltcd eye wc are still unable to see 
cverythiug, even in them ; but with the help of the mi- 
croscope the whole 13 laid open to us — the estremities of 
the arteries and the oxtremitiGs of the veins ; and it wag 
here tbat what I was telling you of, ju3t now, was ob- 
served and discovered, — namely, that the cad of the 
arlcry chan^fcs into ;i vein, without nny interrnption in 
the tube. It was these very observations upon EhIlos and 
fpogEi, which eventually gained the day in favor of 
Harvey's ideas on the circulation of tlie blood, at which 
the learned mcu of hii own age had Inu^hcd so mnch. 
He was dead bj-that time it is true, as has liappened but 
too often in auch cases, but do not let us pity him too 
machl He who has had the rare good-fortune to lay 
bold of a new truth, and launch it into the world, is auf 
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ficiently reconnpensed m advance. If he also craves arf.er 
the flattering voice of man's appro bation, and tke toylike 
pleasure of personal triumph, he is after all but a chM, 
unvroi'thy of the great part God Las given liim the 
privilege of playing, 

A cUiM, did I say? Then how mde you moat have 
thought me, dear child 1 And as a punifihuaent, yoa are 
perhaps going to remind me that I ha.vc once more fallen 
into my old tad habit of wniidcrlng away from my 
subject. Never mind, I am going to return to it at 
once. 

How can one diatinguiah — you will ask me — an artery 
from a vein, an aa to be able to determine which is a vein 
and which au artci-y? 

In many ways, I reply. First of all, an artery, aa I 
told yon lately, is eflmposed of tlirce coats, of wliich the 
principal, i.e. the inner ono, is tough and clastic, whereby 
the artery ia enabled to force tho blood forward ia its 
turn, but which ia also the reason of arterial cats being 
BO dangerous ; for in such ca^ea tlic wounded tubo re- 
mains wide open. ; being held so by the etiffcr inner 
coat ; and thu3 the blood is allowed to ran out indefi- 
nitely. Now this iunor coat is waatiag in the voiog, 
whose waUs sink in together when a cut is made in thorn, 
BO that it is much easier to stop the Sow of the blood in 
them. 

Furthermore, the veins are furnished ineido at inter- 
vals with little doors, sitnilar to those we noticed at the 
entrance of the auriolea and venli-icles of the heart. You 
remember those important -valttglets, on which depends 
so mucli of the mechanism ; which peraiit the blood to 
pass itt oiLO directioQ, hut will not allow it to return 
back in tha other? — well, the little doors of the veiiiSi, 
which are also called vaCmteis, do exactly the eauaift 
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work. They open in tlao direction of the IicaTt, to bIIow 

tlio blood to pasa on, but it finds them fast closed if it 

tranta to go back ; bo tliat as Boon as It Las forced one 

passago there is no longer- any hope of its return, and 

thus ty dogrccs it gGfs nearer and nearer to ttte heart 

.withoat any posgibility of eacape. There ia nothing 

EBimilar to this in the arterieg, wliich the blood traverses 

^In a single "bound from the irapetaa it receives from tlio 

heart. 

rinaliy- — ■and this is most important — the blood which 
ia found in the v-eina ia no longer the same fi3 that which 
fills tlie heart. 

No lonj^cr the same ? you csclaim— have we then two 
Borta of blood in otit bodies? Most certainly, my dear 
child ; bit you would not have Buspeeted it ■ for wlien 
you accideutjilly prick op cut yourself, or when your 
no30 bleeds, it is always the eamo sort of blood that 
comes out — that tine rod liquid whicli everybody knows 
BO wel! by sight. Thia ia because the blood Qowa at 
ODce from the small arteries and small veina, and wbat 
you see ia a mixture of the two^ The Bamft misture is- 
suca froca all wounds, wbcthar flmall or great, and on 
this account people are unanimous in declaring that 
blood is red ; a, statement whic-h ia not true of either 
arterial or yonous blood, separately. The last 13 black, 
aa you might convince yourself if yon had courage 
enough, and should happen to be in the room with any 
one who was going to be bled, — a rare event, happily, 
in these enlightened days. 

In Buch a case it is always a vein which ia opened, the 
reason of which you will understand, after what I snid 
of the ilangor of cutting the arteriea. You would there. 
foroseo aroddiah black jet of liquid apout from under 
tho lancet; mucli blacker than red, however — that is 
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vaioas blood. When, on the other hand, au artery Tiaa 
been accidentally cat, what cornea oat ia q.ULte differenti 
It is a rosy, frothy fluid, almost liko tnilk and carmine 
dissolved in it, -which has been whipped up irith a stick ; 
this 13 called arterial blood. 

Nothing 19 more eimple, aa yoa perceive, than to dia- 
tingaisli an artery frora a vela ; yoii hnvo only to aacer- 
taia what is insido of it. When the blood goes out to 
our organs to nouilsh them, it is arterial; -when it la re- 
turning back after Laving nourished them, it has become 
venous. But what — ^you will ask — m it going to do 
now at the heart, towards which it ia on. ita road ? It 
is going to Beck tiiere a fresh impetoa which shall send 
it onco more into the lungs, where it will again become 
arterial, i. c. and onco more capable of affording nourieh- 
meut to the organs. Therein lies the wholo secret, and 
the why and the wherefore of the Cihculatiok. 

Thia is easily said, dear child ; but suppOBO that yon 
do not comprehend it ? "Welli you need not be ashamed. 
There is no possibility of comprelieading it nntil one haa 
learnt what REapniATioN ia— so hero wo arc stopped 
Bhort. 

To-moTTOW, then, when wc will begin with the etudj 
of this third part of the History of Nutrition ; and if the 
firat two have amnaed you, I feel pretty sure yoa will 
not find this ]asi one dull. 
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When wtf Tiave "beca laboriug very liai'd, my dear 
child, and want to rest for a miiiuto, ttg say, Lei us iaJce 
breath ; because breathing is an action wbicli takes place 
of itself, requiring neither effort nor attention on our 

But, if it takes place of itself, it does not explain itself ; 
cousequently, when I say to you, JVoio, hi us lake hi'eath, 
this is cot a signal for my haTing a rest, for I Lave un- 
dertaken to explain Rcq>iration to yoa, 

tf you wero a German, I would remind you of what bo 
often bappens when you put a fork into a dish of aour- 
kront. You want to lay hold of a little bit merely, but 
the Btripa of cabbag'e-leaf are twisted one within the 
other, and hang together in spite of yoa, bo that without 
intending it yoa got hold of a whole plateful at once. 

Now this Respiration affair is something like the sour- 
tront story — begging your pardon for the comparison, 
I should haTG liked to give you only a smaH plateful 
- a child's plateful — of it ; but I feel the explanations 
coming, hanging one upon the other ; and, whether I will 
or no, I must treat yon like a grown-np person, and we 
auat givo up for onco the nice little doll's dinners with 
which we began. 

In my opinion, you will lose notliing by the diange if 
yon will but pay attention ; for about that Hoft little 

(130) 
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breath of yoara, wliioh U always coming aud gviing ovflr 
your pretty lips, iliero are many more things to be learut 
tbaa you have heard of yot. Aa I oaiil just iiow, you 
will find you have got hold of a pltitcM all at once. A 
good appetito to you I 

To prevont confusion we will divide the subjact into 
two jiarfs. I Biiall explain to yon first, JTav} webi'eatJie? 
— a very curious question, as you wiU see. And after- 
wards we will examine, W/ij/ we hreathef — which is still 
more interesting. 

First, I must tell you that air is heavy, and very heavy 
too J a tbooSand timOa more 80 than you may suppose. 
The air vro breathe, through which wo move baclcwarda 
and forwards, that air is sovietiiing, remomberr altbougli 
wo do not see it ; aud when there is a wind, that is to 
Bay, when the air is in motion, lilce a stream of water 
runuiug down a hill, we are forced to aekaowlcdge its 
being eomething, for wo bcq it throw down the largest 
treea and carry aloog the biggest ships. But without 
going so far out of the way for examples, try — you who 
run BO well — to run for two minutes against a strong 
wind : and then you shall tell me whether the air is some- 
thing or nothing. But if it be something it must have 
weight, for all substances have ; paper as well aa lead ; 
with this sole difference, that the weight of lead ia 
greater in proportion lo its size than that of paper. 
Now a sheet of paper ls very light, is it not? and you 
would bo puzzled perhaps to say what it wcighg. Bui 
niany shoolB of paper plaeed one upon the other, end by 
forming a thick book which lias its undeniable weight ; 
and if some one were to heap upon your head a pile of 
largo books, like thiee yon sec on youi- papa's shelves, 
the cad might bo that you would bo crushed to death* 

In the samo way, a small amount of air is by no means 
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riavy ; l»ut you can conceive that a great quantity of ii 
gatLered tog^ether may end by weiglung a greu,t deal. 
Now get well into your liead tLo fact, that wc, berc, on 
llic snrfaeo of the cartti, aro at the bottom of an immonsG 
mass of air, ostandmg to somowlieri? about forty or fifty 
milca above our beads. Let ua say forty to make more 
sure, for karned mca have not yet been able to calcu- 
late tlic prctiisc height to a iiiii:ety; and Tor uiy owa 
port, I think we have dono wondera to get ao near the 
mark even aa this. But can you picture to youi'^clf the 
dii^tance widL^h forty niilea Ingh really is ? I will help 
yon to form some idea. 

One mile contains 5,280 feet, and your papa is six feet 
Ligli. One mile high would therefore be 880 times as 
high aa your pa.pa, But this is a more nothing — only 
one mile'd height. In forty miles there would be no less 
than. 211,200 feet ; and setting papas aside, of whom it 
vonld take 35,200, one on tiic top of the other, to go ao 
far into the sky, let us think of the height of the tallest 
bnildinga yoii know ; church and eatbGdral towcrg for 
inatanco. Now the towers of maay parish ehurchea are 
150 foet high ; the towera of York Minister not 300, 
At that rate it would take 1,403 ordinary parish cUurch- 
towera, or upwards of 704 York Minster towers, piled 
one above the other, to reach to tlio end of the forty 
miles of air above our heads. I leave yon to judge what 
would be the weight of a mass of pajicr piled up as high 
nfl that. Ton may bsSo\j grant then, that this mags or 
pile, or if you like it better, this colunui of air (for 
that w the proper expresBion), must be of conaiderable 
weight; aa is still further made certain by the fact of 
ita having been weighed, so that I can even nanio the 
weight to you ifyoa wish to hear it. Boar in mind too, 
tiiat the weiffht of a column of air will bfi in proportion 
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to its supcTJkial extent — to its bread til anil widt!!, tliat oh ; 
for, tk-i you may suppose, a column as large ia extent as 
one of the towerg of York Minster will weigb a good 
deal more tban one tlie size of a sioglo briclv. 

But wait ; here is a book on the table which will 
serYG mo for a moasure, and as you will probably lind 
the same on. your mamma's tabic, yon can follow my 
measurement. It is a French Gramnaar. The back ia 
scYCn inches long and four and a quarter wide.. That 
is, there arc four and a quarter roTk'^, each seven iiichts 
long. In other words, the back contains n.early — and 
let ua call it qnito, for convenience' sake — thirty inchog 
side by Bide. Thirty square ■Inches as it ia called. 
Measuro your toamma's copy and you will bcc. Now, 
can yon guess the weight of the column of air forty 
milea high which this volume aupporte? Upwards of 
four cwt. ; 450 lbs., that ia to say. If you want to be 
very exact, hero ia the rule. Air proBses oa all bodies 
at the rate of fifteen pounds to every square inch ; so 
now you can make tho calculation for yourself. 

Butlsospeet you had no idea you wero bo strong; 
for I see you tossing up the book, heavily ladea ns it is, 
like a feather. 

Comfort yourself. There ia no magic in tlie matter. 
If a very strong man were to push you on one side, 
could you resist him ? Certainly not. But if another 
man of equal strength were to push you at the same 
time on tlic other side, what would happen ? Well, yoa 
would remain quietly in your place, without troubling 
youraelf more about one than the other, the two forces 
mutually destroying each other. And this is the case 
here. While the air above your hook is weighing down 
upon it with a force of 450 lbs., tho air below it prpsass 
ngaiust it underneath with an equal weight, and this 
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rtl'Ojs the cffflet of the other. From 450 lbs. tako 
lbs,, and nothing remains. Your grammar lias 
notliiug to carry after all, and yoa may toae it atout as 
you pleage, without deserving much credit for the effort. 

" What are yoa telling me ?" you inquiro. " If I put 
a atone on tLc top of my head, I can feel its weiglit 
easily enough ; but if I put mj liFind on. the top of tho 
BtOQC 1 110 long-cr feci anything. How can the air below 
tliB stone press against it ? And talking of coluans — 
how pleasant it would be, for instance, if the pfloplo who 
go up the Monument wore lo havo the weight of it on 
their beads when they get to the top V* 

Well fiaid, little one. And your objection r^minda 
me of an argument which distracted mj head aa a lad, 
when I first heard the pr^sure of air explained by a 
good fellow who did not trouble himself to be quite ag 
csrtct as jou and I aro in om' discussions. I was told 
that the surface of tho body, or the skia of a. large aian, 
lUGflsured sixteen feet square, which is &qual to the sar- 
faeo of a tabic four feet long nud four broad. Now, you 
know that in four feet there are forty-eight inches, and 
on the surface of the table arc forty-eight rows, with 
forty-eight inches in each, or 2,S04 square inches ; so 
that a maa'a surface is 2,304 eqnaro iuches, and the 
weight his body supports is 34,560 lbs., or upwards of 
fifteen tons— always at tho rate of fifteen pounds to 
CTCry square inch, you understand. Now, I was con- 
stantly asking myself how it liapponod that in entering 
B house one never eeemed to get rid of this almost 
fabulous weight, since the roof of tho house mnat nat- 
orally interpose itself between the air-column of forty 
miles high and the man who would then only have somo 
few feet of air above his head. The roof would sup- 
port tho retst, that wau cleai'. Fioin whence, then, cam" 



L44 



STMOSPHERIC PRKSSUIcE. 



tlie 34,560 Iba. wliich seomed to weigh as heavily 03 be- 
fore ; siutio, whetJier on tlie tliresliolcl of Llie door, wUilo 
atill under shelter of the roof, or two steps outside in 
tlio open ail', under the Iremondoiis column forty miles 
liigt, one never I'elt a bit ligliter, not even to the extent 
of the weight of a single alieet of paper ? This was a 
difficulty from which I couM nevcr estricato mygclf. 

I found out tho answer to tbo ^■iddl<} afLerwarJsi, and 
ft very Bimplo one it is. 

Air docs Dotr in point of fact, nvigh down like a solid 
fifty pounds' weight, which haa no impulse but to do- 
scenil, and has notliing to do with anything above it. 
It presses against rather, like a spring, which, having 
been comprcsBcd, trica to resume ila natm'iil position 
with, a force equal to lliat which liolda it back. Ask 
some one to ehow yon the Spring of a watch, and you 
will un'^erstand this better. Each atom of air ia a 
spring of matehlesa ela3ticlty, which nothing can break, 
which never woar-i out, which one can always compress, 
if one employs force sufficient, and whicii is always 
ready to expand indefinitely, in proportion as the com- 
pressing power LI withdrawn. 

Now, consider the column of air outaide the door, 
where there is a pile of such spriiiga forty miles high. 
The lower onea have to bear up all their comrades, 
which press upon thein with tlicir united T70ight, 
and these make desperate efforts to repnUo the tre- 
mendous pressure, and to spread oat in their turn. 
They endeavor to escape in every direction — to tlio 
right, to tho left, above, below ; but caujrht between 
the earth, which will not give way, and the compact 
msiss of all tliC Columnsof air which aurrounda the earth 
in every direction, and of witieh tho lower part is equal- 
ly compressed everywhere, they Btrugglo unceasingly, 
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in vain ; indefatigable, bat powerless. Tuu live in 
the miclst of those little ■wrcatlerg, and naturally bear 
the pimisliincnt of the iujury done to tlicui. They press 
against you aa against every tiling else — bul'ore, hcliindj 
on all sidesr— witli a. force equal to tliat wiLli irliich tlicy 
arc tI.orasel753 'tomprossod, or I Trooldaay, equal to the 
weight by wliicii they me so horribly SitfiiGezcd and con- 
tracted : &o that, ill fact, you bear this weight not only 
on year liead and Bliouldors, bs you might at first sup- 
pose, but also all along' yonr body and limbs, imder yonr 
arms, under your chin, in the hollow oi" your nostrils, 
every wli ere. 

Now wc will suppoiBe you to cuter the house ; and 
what do you find there? Outer air, wliich on ita part 
has got in by the door, the wiudo^T, and every little 
crevice in tlio wall. Tlie column oufyido llie roof no 
longer presses upon it, bat what is the gain of tiiat ? 

Itwas compresBed when itgotiu, and the little spriuga 
will struggle as a matter of coui-se, quite as much on lliia 
side of the door ua on the other. The protecting roof 
haa so little power that woro it not itself protected by 
the air oulside, the pressure of which keeps it in ita place, 
tho air within would shiver it into a tlionsand fragmcnta 
in ita efforts to get looric. 

Tou laugh ; but wait till I explain myaelf furtlier. 1 
will take the ease of a miniature house to make the mat 
ter plcasauter to you ; one fifteen feet lung, fifteen feet 
wide, aud witli a (lat roof, the moat ccouomieal plan aa 
regards space. Fifteen feet arc five yards, and aa the 
muUiplication tabic tells ub that live times live mako 
twonty-iive, our roof will in this caae be twenty-five 
flquare yards (i. c. 225 square feet) in aupcrfieial cxtcut, 
or area \ it is not much, and you will And few aa small. 

Would yon lilce to calculate tiio force with wliicb tho 
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ma ana tuaiisnna mLlliong of little spring imps im- 
priaoLcd under tliat poor unrortunatc foof woidd prcsa 
against it 1 Wc acttled before that the quantity of them 
brought to bear iijion a square inch had the power tc push 
at tUe rate of iifteen pounda. Were tiiey to push against 
a square yard (a Biirface 129C times grea Lor than the square 
inc'li) it wouW therefore bu 19,440 ]hs. This l^cmg so for 
ono square yard, calculals for tweaty-fivc square yarde, 
and you will have the amouat of pressure against our 
roof — viz. 486,000 lbs — merely tbat 1 And oow tell me 
wlat cottage roof iu the world was ever built so as to 
be able to stand against such a wei,t|;ht 'I 

Perhaps though, yon can ecarcQiy ap[HTfiutc the amount 
of hGaviness, 486,000 Ite. Well, 4SB,000 lbs. is nearly 
217 toua ; and one of those railway trucia that you see 
laden with coals at the statioua can carry, pei'Iiaps, from 
eight to ten tons, without breaking down. I^ay ten toa3 
as an outside ea-timatc, and then think of piling the con- 
teats of twenty-one sucli truclts on your roof, and yet 
you would Btill bo Bliortof the weight of air which is 
beariDg down npon it. I need scarcely Bay now that 
were you to take away the air from within the roof, the 
air without would emash both it and the whole cottage 
flat, as a giant at a fair strikes an egg flat with one 
blow of Ilia fist. To show you how in another way : 
take a moderate sized column or pillar, such as you 
nee eoractimca in a nobleman's grounds, of about the 
weight of tlio twenty-one tons, and set it «p like a chim- 
ney on tbe roof of oup cottage, then walk away to a litllo 
distance and watch what will happen ! 

There, little Misa Laugher ! have you at last learned 
to Talae the weight of tho air, or atmosp/ieric pressure as 
it is more properly called ; since it is the force with 
wliicli the atnospliero presses against rather tlian weighs 
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opon everything on the surfacG of tho globe ? It is no 
jokCf as you perceive, aad it jifforils plenty of aiibjcet 
for reflection. I have still to prove to you that I liavc 
not been mating fun of you with my calculatlona, ami 
tbat the weight of air upon a stiuaro inch i3 really what 
I hare said— viz., fifteen pountla. 

Now, tlicrc is a very simplo way by which wc might 
get to know your strength, cud tcU its amount in figures, 
if one cliosc ; namely, bj putting a weight on your arms 
— a toap of books, if you please — and keep adding and 
adding to it, until those poor tittle arm3 wore unable to 
bear any more. Then weighing what tliey had boi-no, 
whether wc should find it to bo tea or thirty pounds — ^I 
canuofc guess how mach it might be at tins distance — 
one might safely say, without fcax of miatakc, "Tho 
strength of this young lady 13 equal to tea, twenty, or 
thirty ponnds" — in otiicr words, "she reprcsenta a 
weight of ton, twenty, or thirty pounds " and by a simi- 
Iftr plan people have ascertained the strength of the 
air — that is, the weight wEiich it rcprosenta. They hare 
weighed wiiat it 13 capable of carrying. 

told yon lately that the whole aurface of the eartl, 
covered by an inunensc army of Httlo imps — other- 
called little air-springa, wJiich, compressed by the 
,t maaa of their comrades above» all of whom they 
to carry on their back?, arc always trying to pro- 
tect themeelves, by poshing back everything wliich comra 
across tliom. Imagine the bottom of a. weU. Oar impa 
are permanently installed tliere as a matter of course, 
and face to face with ttie water they push against it, 
each one doing bis best, on all points at once. As thb 
pressure is equal everywhere therefore, and always the 
Fame, there arc no signs of it to be Been. 
Now insert i« the water the end of a tube closed below 
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by a cork i^liicL exactly fits llic interior, but wliich can 
bo moved up and down iii the tube by means of a bar of 
iron or wood wLicli thus thro"ngh it. This ia called a 
piston T may as well tell you as wo go on. 

When tlie piston rSacs iu the tube, it drives before it, 
OS it goes, the air whicli was already tliere j and wliich 
cannot slip away dowu the aidea because tlie piston fi1s 
so closely to Llicm all tiic way a!ong. TLu rtsult of tliia 
is, that just underneath the pbloa there is a place in the 
water to wliicli tlio air eaanot reach, and at that place 
tlio water hna no pressure upon it at all. 

Now 3C0 what happcna. Pressed upon IioEtviJy by the 
ait' in every other part aad phice, like a inouse hunted 
by a cat, who finds at last a ho!e through which to ea- 
cape, the poor water darts at tins and aaccnda tho tube 
close after the piston. 

So far so good ; bat if the tube Is very long, and tho 
piaton riacs rather high ;■ — at thirty-threo or thirty'four 
I'cot above t!te Icvd of the water it liaa to contiuae its 
ascent aloue. Tlie water parts company, stopping quietly 
behind, balf-way up tho tube. 

" What is the meaEing of tliis ?" you will ask. 

It meang tiiat the force which prcHge? on tho well- 
water all round tho tubo, and thus drives it up, lias done 
all it can, and that our littlo air-impg refuse to supply 
any more. The water which rises ia the tubo has a 
weight of its own of course, and with t.hi? weight it pres- 
Bca, as it is fair it should, on the water below. In pro- 
pfition 03 the piston rises, the column of water which 
follows it geta bigger and bigger, and naturally its 
weight incrcaaoa at Uio SaniO time. At last thcrO comes 
a moment when this weight becomes such that its pres 
sure on the water below h equal to tliat with which the 
air-impe are presaing on the water in tho well. TheneO' 



ATMOSPHERIC PRESanRE. 



149 



forth tlicy may pu&li aa lliey please j no more watci* will 
go up. They arc ia the same position now tb^t tlicy 
wei'O before, when their comt'adea {afterwards driven out 
Ly the piston) were pressing upon the satiic point, which 
had only a moment's freedom ; ami tliis water eolumn of 
tliirty-tlireo or tliirty-four feet liolda tUem in check, to 
exactly the samo extent as the gay fellows wlioac place 
it liaa taken. 

Nothing is easier now thaa to calealatB, even to a few 
grains almost, tho force of tho pressare of air. One 
cau- get at the -weight of water, thaak goodness! and 
it has been ascoFtainocl that onr water-colama will welfjli 
fifteen pounds if the tube is a sqnaro inch in size. Yoa 
will comprehend after this tliat it might he any sizoyou 
may please to imagine, without there being the slightest 
alteration in the heiglitof the column. The larger it 
is, the heavier will bo tho column of water on the one 
hand ; but on the other, the greater will be the number 
cf air-imps torncd out ; so it comes to the same thing 
in the end. 

If yon should feel any doubt about the correctuffla of 
this reaaoning, you have ouly to try the experiment over 
again, in a well, fdled with mercury for instance. Ask 
to be shown aome pure mercury, which h also called 
QaidcsUvcr, because one wants to cxpreas melted silrer, 
apt to be constantly on the move ; it is often to be met 
with iu houaca. Mercury weighs thirteen and a half 
1im03 more thaa water : according to our calculations, 
therefore, it would take thirtceo and a half times leas 
of it than of water to bring our little airirapa to rea- 
600. And this is just what you will find liappeos ; you 
will aee the columu of mercury stop short exactly at the 
moment when it has attained the orthodos weight of 
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fifteen pounds ; that is to say, at a height of trcntf 
eiglit inches. 

On the other hand, take some ether. You know that 
delicate spirit, which smells so strong, which makes joor 
hand feel cold if it is put upon it, and which we give 
to sick people to inhale. Ether weighs one<[narter less 
than water. In a well of ether you would therefore see 
something quite different, and your column would rise 
without being asked, to something like forty-three feet, 
exactly up to the point of weighing — like the others — 
fifteen pounds to every square inch. Air will not he re- 
placed with less. 

That, then, is the measure of its strength, or oar scaled 
are deceitful. 
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I HOPE I liavc told yuu. cnoughf my dear cliild, to 

lablc yoa fully to estimate tho force with which air 

pr<!sses upon cvcrytliJDg oa the surface of the earth, and 

^-■eoDsequentiy npon our own bodies among the peat. 

^P If you QuderstitiiLl this, nothtog is easier than to un 

deratand how air comes sind goca in oar hiogs. 

Whcu the cook wants to light her firo with two or 
three Lot coals, what doc3 she do ? 

She takca the bellowa and blows it, does she not? 

But if she bas no bellows at hand, what does ahe do? 
You answer at once, she blows it Leisclf with all tho 
Btrength of hoc luogg, 
^ By which it would Bccm^doca it not? — that we are a 
Bsort of living bollows, "beiug able, in case of necesgity, 
to act as a substitute for tlie wood and leather onea of 
common nae. And if wo really possess the power of 
doing the work of a hcllowe, may not thia bo hecauso 
■we baTe within us some littto machino of tho nature of 
a bellows 7 

Exactly ; Eind this fact gives mo the opportunity of 
making yoa understand tho action of the luuga by ex- 
plaining that of l-JiG bellows, which ia in everybody's 
bauds, but. which tlirefrCourths of the people use, without 
doubling themHclvea to inquire how it is made or acts. 

A bellows, as you know, h composed of two pieces of 
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boarJ, copablo of being separated ainl brought together 
again at will, and united by a. piece ol' luatlicr so aliapod 
and arraugod that it doubles u]] wlien tlis boards close, 
the iDtcrmediato space fornimg a finuly-closed box, the 
size of whicb increases or dimmiHlies at every movement 
of tbc boards. 

Wg take tLc "bellows down to iiec it, and tlicro are thu 
boards, lying flat upon eacli otlicr, the box between 
them quite small. Is there anything iusido, do you 
think? 

" Nothing," you answer ; " the bellows is empty." 

Do yon think bo rejillj, my child? Do you tldak a 
tumbler h empty, tljcii, when, yoii have drunk out ils 
contents ; and that jelly pol^ arc empty wlien all tho 
jelly ia eaten? Tlicre are not so many empty things in 
the -world, I assure you, as you Bupposc. You forget the 
air- — that monster who ia always wanting to stretch 
himself out, and pushes against everything' he meets. 
He is au unceremonious gentleman, who takes possesBion 
of every vacant place ; ua fast aa you put a Spoonful on 
your plate, he takes up the room of the jelly which has 
been removed, and at caeh mouthful you swallow, he 
slips into the place of the water which goes away. 'When 
you think tho glass and pot are empty, they are, in 
reality, full of air. You cannot see it ; but it is there, 
you may rely upon it. 

There is air, then, in the bellows-bos, because there is 
air in every place where there ia nothing cIbo to dispute 
posaessioTL with it. The quantity ia small in tliis case, 
no doubt, because tho box is small and cannot hold 
mueli, 

Eu, now, look 1 I Ecparatc tlic boards, and the bos, 
whieo was small, becomes large. For ouee, the;o, bore 
13 a box wliich must bo partially empty ; for it has jnat, 
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if hj laagic, made a space in itself m which positiyely 

ere eamiot "bo anything-, since thero was nothing tLero 

beforehand. 

H Ay I but look clown at the centre of tho upper board. 

^ You SCO a little hola tlicro, do you not, and below tha 

little hole aeraall piece of leather, which Bcems to clos? 

^bittip? That is a valve, one of those dooi^, audi an wo 

noticed before in the heart, and such as are to be foundj 

rti&rcovfir, in most houses, which let people throtig-li on 

I one side but not on the other. This oao opofl3 wbcn it 
ia pushed from without, hut lets nothing out which hag 
onoe got in. Now, tho air outside, ag I said bofoTC, is 
alwaj^ pTishing against everything. He pushes as a 
matter of course, tlierefore, against the valve, and as 
there h nothing behind it to resist tlie pressure, in pro- 
portion as room h made inside the bos, he enters and 

■ fills it with himself. 
But presently some &nc begins to close tho bellowa, 
imd he finds himself caught between, the boards ; on 
which those invito him to begone, with the same sort of 
politeness displayed by the policOr when the hour of de- 
Bpartnre cornea in a place of public oxliibition ; when, 
, i-e., they spread out on all aides, and force the crowd 
before them till they have found tho road to the door. 
But the air cannot get bacic by the way it came in, the 
door being shut. As, however, it muat {^o out some- 
where, whether it likea it or not, it passes thi'ough tlio 
Htulie at the end of the bos {tho nossle of tho boUowa), 
^nnd cornea oot thenco with a rash upon tho fire. 

When it Is once gone tho hellrjvi's can be distended 

tgain, and tlic process be repeatcdas before indefinitely. 
And thia is just what goes on iuside ourselves. Your 
host, my child, is a box which expands and eontracla 
nlternately; moving a place for tho air \<v tho firs* 
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cflbrtf aiiil then diiring it out by the second. It is nei- 
ther more nor less tliaa a bellows, but of a simpler con- 
BtructiDn than tlmt osed by the cook. Tho QS.it pipe 
eervcj also foi n door of entrance, and tlioro ia but one 
board instead of tivo- 

The exit pipe is tiie larynx, of which we spoitG bcfoPO, 
wlien we were talking of swallowing the wrong way, 
and which commimicatcs with tho air outaido, througli 
the nose and month at the fame tim^ allowing us 'to 
breathe through cither one or tliC othor as wc like. 

A3 to tho hoard, I said q fow words about it when 1 
was deacriblDg tho livor. It is the diaphragm — that 
eeparatiag partition — that floor whieh i3 placed between 
tho two Btoric3 or divisions of tho body — the belly and 
the chrat. 

But hero especifllly the infiaite superiority of the 
worlv3 of God over the miserable inventions of mtui 
Mines out in all its grandeur. 

A bellows which was to have tho honor of keeping 
up within iia that miraculoua fire — tho pre-eminently 
eacred fli-e — which w9 call Life, required sometliing 
more than a common board for its foundation. And 
accordingly this, of which I am now going to give you 
a detailed history, is aa marvellous as it is admirable. 
I fancy that when yon have read my account, yoa will 
no longer turn np your nose at the Tile word diaphra<jin. 

Lot na ilrat take a peep at the construction of the 
bellowH. 

On each side of tho vertebral column, from the neck to 
the loins, spring twelve long bones, one bolow the other, 
bent in the form of bows ; these are called the Tibs. 
The first seven paii-a of ribs rest, and as it were, unite, 
in front, upon a bone called tho sternum, whioli joj can 
trace with your finger down to the pit of the stomach, at 
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whTcIi point the fiogcr sinks in, for there is no more 

sfcr/ium, aud the last fivo ribs on each side no longer 

■unite with those of tiie opposite one. Tor which reason 

they aro called false rihs. On the other hand they arc 

joined to each other at the ends by means of a strip or 

band of B. Bubstance Bufficiently strong-, but at the same 

JKtiuie flexible, aud somowhaE elastic, which is. called carii- 

Hjcr^e or 'jrisile. The nost time you see a roasting pioca 

■of TCal on the table, look well at it, and you will sea at 

"the end a white substance which crackles under jonr 

I+c«tL ; that is ffiislk. 
This forms the framework of &ur bellows, which jou 
may picture to yourself as a kind of cage, widening to- 
Wcirds the bottom and going to a point at the top, for 
the arches formed by the npper riba are simaller than the 
others. The wiiole terminates in a sort of ring, through 
^which pass, together, the (esophagus and the Irachf^a. 
■ The space between the riba ia occupied by miiaclos 
' which reach from one to the other, and the whole frame- 
work Or cskga is shut in below by the diaphragm, that 
marTclloua board whose history \ haye promised to 
relate. 

Tlic tliapkriKjia, as I told you some time ago, is a 
large musole, thin and flat, Btretched like a eloth between 
tfic chest and tho ahdomen. It is fastened by an infinity 
of little threads called ^i/-e*, to the lower edge of tho 
cage I have juat been dtscrtbtng, and it looks at first 
Bigiit as if it mii3t bo incapable of moving, since it is 

■fixed in one invariable manner all round the body. 
It mOTfifl nevertheless, hut not in the same way as the 
' boards of our bellows. 

jVbIc your brother to liold two corners of your poeketp 
handkerchief ; take hold of the other two yonrself, aad 
tarn the liandkerchief so aa to face the wind. The four 
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corners remain in tlioir place, do Lbc-y not? but tlie mttT 
flic, inllatcd by tlie wiuil, curves and swells out in front 
like a sliip's sail, which itself ia onlj an immense Land 
kerchief after all. Tlien draw the handberchk'f tij^Ltlj 
towtu'dg yon, each to your owu Bide, and it will recover 
itself and become flat again. Loosen it a Httlo and it ' 
will cwve and swell out again in tlio middle, and this 
manccitvre you can go through as often as you choose. 

Which very mnnffiuvre the diaphragiti vs continually 
performing, of aud by itself. 

In ita naturnl position it bulges upwards in the middle, 
like a cloth swollen out by the wind, and thus occupies 
a portio-Q of the chc^t at tho CTpensc of tlia lungg. Wlnin 
air hM to be admitted, ila^ftrcs tighten and bring it flat 
again, as yon and your brother brought the hand kerchief 
flat just now by tightening it. 

The whole space pvcviouftly occnpied by the aixh of tho 
diaphrar/m ia thus given up to Uto lungs, wliicli, being 
elastic, instantly stretch thcoisclvea oat to it ; while air, 
running in through the noao and mouth, fills up in pro- 
portion the empty place (vamum) created by the extca- 
Eion of the lungg, exactly aa in the case of the bel 
lows. 

But soon tho fibres of the diaphragm relas. It rises 
up again into its old posttiou, driving back the lungs aa 
it does so ; and the air Gndiug there is now no room for 
it, goes out by the same way the other came in. I Bay 
the oiher, observe, because tlie air that goes out ia no 
longer the same as when it came in ; and this is the 
Bocret of whf/ st-e breai/ie; while the up and down move- 
ment of the diaphragm ig the explanation of fioio vu 
lirmihe. 

As you perceive, then, the mechanism of these bellows 
of ours, 13 of the moat simple, and consequently of tho 
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most ingentoiis cliaractcr, and leaves Tar behind it auy- 

■tLiiig wc liiLve ever imag^incd. 
Are yoa disappointCLl? Do you feel mclined to Ci- 
claim, " Is this all ?" to tiak where aro the ivondcrs I 
promised you? to pi'otejt that I may tulk as I please 
ibont tlio inflating and flattening of a poeltet-handlcor- 
[? you tan see aothmg bo inarrclloas in the matter ; 
Ung worth making your mouth water for. 
A little patience, Maiiemoiselle! Hitherto we have 
talked only of the machine ; hut thero is a goblin ineido 
^itf and our fairy tale ia going to hcgin again, 
B There are iu sorao familiea certain old acrvanta who 
belong to the hou50, more, it mny bfi 9ai<l, than tLieir mas- 
^ ters, in gome ways. They educate the cl lildreu, and they 
HBeiTQ them till death ; tliey Kve for them alone, and 
Icnow so woll what they have to do, hoth by day and 

» night, that there is no need to give th€m any orders. 
Kay, not only ia it nnneccssary to give them directions- 
it is for the most part Ial)or in Tain. TJiey are so com- 
•pletcly at Lome in tlieir business, that they ivill go no- 
body's 'flray but their own, If you. wish them to alter 
their liahits Uiey may obey yoa for an instant, but it ia 

tonly to return into the old groove directly after; for 
they know better than you do what you wunt. 
I was very littlo when I tirfit read in tlio story-hooka 
of mj day, some bitter complainta of the disappt'orancc 
of this racG of old-fashioned aervanfs of tlie good old 
^fctimra. And you very likely; may have seen it said that 
"they arc no longer to bo mot with. Yet tbcro will al- 
ways b? some, depend upon it, in familiea, who know 
liow to make and to keep them. Good old times or not, 
they have never been found iu any other but those cases. 
Stilt, I have jus t such a one as I have described — oven 
who am talking to you — and so baa your mamma ; and 
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what is more, you have one yourself; o.ui what k : 
Rtill, cTsrybody else has one. This fferrant of the good 
old ticiGB, who wilt never disappear {and thig ig mora 
tban one can promise of any other) ia tlio Diaphmani J 

WLen you came into tlie world, my dear cliild, and 
wore maroly a poor littlo lump of Ucah, without strCDgtL, 
intellig-OQce, or will ; incapablo of giving any orders 
whatever to those organs of yours, of whoBO csiateneo 
you were not even awaro, yo«r diaphragm quietly began 
Ilia duties, without leave or inquiry li'om you, and witli 
yoai' lii'st hi-ealh your life Logan. Since whiuli lie has 
always goae on, whether you aUendod to liira or not, and 
ills last effort will lia jour last eigh. 

When you go to alcep, careless of al! that is to happen, 
until you awake again, that Bcrvant of yours, indefatiga- 
ble at Ilia poat, labors for yon still, and tlie light breath 
wliich half opens your rosy littlo lips as it paai^ea through 
ibem ; that light breath which your happy mother 
watehea with such pleaaui'e, is Jiis work. Midnight 
sti'iliea — ono o'clock — two; all around you arc buried 
iu sloop — but he is awata still. Wera it otherwiae — 
were ho to go to sleep when you do, yon would never 
awake again I 

This protector of each instant, thia faithful guardian 
of your life, is, aevertheloas, sulijcct to you as a servant 
to bis master. Attend to hiui, and he will obey your 
orders. Ton can make him go at a great pace, or slowly, 
aa you choose ; or stop him altogether, if the fancy takes 
you to do so : but tliis not for long. The servant of tlie 
good old times is obstinate in the pcrformauce of his du- 
iiea. He will yield to you in trifles ; but do not try to 
force him over aerin-ua matters. I have read somewhere 
of a deaperato young fellow, chained down in a dungeon, 
^ho killed himself by holding his brcatti ; but I uevcr 
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quite IjelieTeci it. Mr. Diapliragm wonld not allow any 

■ tine to carry rebellion so far as that. 

■ Bat we have not finished yet, and yon do not yet kno^ 
bow appropriate is tho comparison I ara making. 

». 'should any mialbrtime, any grief, any trifliog annoy- 
ADce Gven, befall Iiis master, a good servant suffers with 
liim, and as mueli as lie does ; sometimes even more. 

^^Occasionally tlio maater is comforted, while lio remains 

^mstill distiu'Lcd. 

^K " And the diapliragm?" you aslc. 

^m The (liupliragm does precisely the samp, my dear child, 

^■Tonrs, especially, shares ia aH your grieia to eueh au 
exH?nt that, truth to say, he is not always quite rcasoa- 

^■ble. The other day when your maaima did not want 

^Hto take you into the conutry with her, he way so sorry 
for you that he went into j)Orfact conyulsiong, and yon 
Bobbed and sobbed til! she was obliged to say, " Como, 
then, you naughty child ;" wliercupou you etubraced your 
mamma, and were quite happy again, while he remained 
still unappcased, and your poor little chest was shaken 
more than once afterwards by hia last convulslong. 

ISobliing, you must know, is merely a convulsion — a 
prcai shake of the diaphi-agm — ^wbich ia the reasoa of 
ita causing such a heaving of the cheat. 
It is the same with respect to joy. Tho joy of the 
, master makes the servant dance, and so the diaphragm 
too 1 Its little internal jtirapa are, Iben, what wc call 
^laughter — a thlug you are well aequaintcd with- Put 
^yourliaad on your cheat next time you laugh (and I hope 
it will 1)0 soon) and you will feci how it dances — thauks 
to the diaphragm which jumps for joy wbcn-evcf it iiiid.1 
yon in good humor. 

Please to obaervo further, that nothing of all this ia 
ione to order. He starts of himself, poor fellow, vith' 



160 



THE ACTION OF THE LUNGS. 



out waiting to askifj'ou will ever know anytlMitg nboot 
it ; ami, in trtitb, you Iiave Ituown notUiog about it up 
to tlio present moment 

Wltal saj- you to tlie diapliragna iiow.uij cLilil? Does 
not tlic very uamc please you? Yoa scaixely expected 
to Hud ILerc— under your lungS — 90 good it BCrrant, OnO 
eo atudicd to your poraon, so BtroQgly resembling in all 
pointa tlie best spouimous \v« know among men. And 
still "WO have not done. I liavo reserved aa a finale for 
yoa a new point of rreemblauce wliicb will make yOD 
oper your eyes very wide indeed. 

The old servant ia soraotimes erosa end grumbling', 
If anything ia going against his grain in tlic Louse lie haa 
no scrujjlc in saying so j and liis mode of apeaking ia 
fiomctimes rather j'ttdo. Nor i3 it of aay use to get ija- 
paticnt and impose Biloncc on him ; lie 17111 liatec to 
potliing— it ia liig privilcg-e. But let some nnforoseen ao- 
cident happen to Eiia master, let liim see him deeply 
affected, and in a moment all liia angor h over. He sets 
Mmself silently to work aga.in, recalled to order twenty 
timra sooner by his master's emotion than by hia utmost 
impatience. 

Ton ask what I am coming to now ? My deai child, 
what I have ja'it tflld you ia ific hi.-'lory of the hi'ccvp — 
the liiatory of tlie hiccup, ncittier raoro nor Ims. 

I must first tell yon, however, that the diaphragm 
keeps up intimate relationB with Lia neighbor below — 
the stomrtch. Every timo ho rises in the breast the 
Btomach riaes behind him ; and not only tlie stonaach, 
but also its companions, the intestines. Ail the officials 
employed in the buaincsa of digtstion travel regnlarlj 
with him ; coming down as well aa going up in company. 
Pal your liaad npOn your abdom^a and lirCathe B'xOtlgly 
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and you will feel the retound of all the movements of 

»t}ic diaphi'agin. 
Now, wLen matters are going on wroagly maido, wlici: 
too luucli work has been impo^etl on tlic officials, or worfe 
they dislike, or else when they liavo Ijccq distmbed in 
Lbcir labors, it will Bometimoa happen that the diaphragm 
tnkes part with his eomradoa in the abdonion. He goto 
angry then, and shakes his master, who eaunothclp him- 
self a bit. You must be very well acquainted with these 
attacks, which are very fatiguinn; when they last long. 
One bc^ pardon and risiala him in rain ; ho does as he 
pleases, wilhont stopping to lieton, turning everything 
upside down; and do you know the only cfBcacioua plan 
for calmlDg him at onco? It waa a constant source of 
wonder to me when I was little. A sadden fright, a 
start unexpectedly caused by a friendly hand slipping 
.secretly behind, and layhig hold of one, was all-sufiident ; 
iisarmcd by the agitation you have undergone, the 
ity, Btubborn muscle forgives you, and you are 



naving dwelt so long on the tmly wonderful resem- 
blance between the pToceedings of two sorts of beings, 
.whom no one that I know of ever thought of comparing 
agetber before, I will now, my dear child, give you the 
key to all these comparisons, which scemso wJiinisical at 
first, but arc so stiikiag in reality, and which como to 
my pen of their own accord, as it were, in the raidat of 
the explanations I have undertaken to give yon. Many 
people who would not themselves care for them, will de- 
clare that they are too hard for a little girl to folloiy. 
But for toy own part, I iind that the eye can tnke ia a 
loimtain as easily aa a fly, and that it is not more diffi- 
It to lay hold of great idcaa than of little ones. It is 
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fthortfiighted people, not children, who cannot sto far 
before tbcm. Who made the bcavcDS and tke eartli? 
Cl-od, your catechism tells yon. Tho Bamo God made 
both ; did lie not ? We do not acknowledge two. And 
if it be tTiesolf-samo God who made everything, the Iiand 
of the universal Maker will be found evei jwhero ; and 
from tlio highest to the lowest portion of Ilta work tlio 
game mind will maoifcat itself under a thousand different 
forms. Not only, either, ia each man soparately, one hy 
one, the work of God. Tho whole human race, taken in 
the mags, ig nlgo His creation ; and the laws by whicli 
hnmnn society — that great body of tliG human race — ■ 
jSeekii to rGgnlato itself for tho prescrviition of ila exist- 
ence, are undoubtedly Die same m those which overruled 
the organization of our indlridual bodies. It ia not very 
astonishing, then, if wo 5nd, in the life of human society 
around us, details corrcepouding with each detail of the 
lifo of the human body, or, at any rate, closely resenlr 
l)liug them. What would really be astonishing, would 
be that mankind aa a whole ahould be differently consti- 
tuted from man as nn individual,, and that human society 
should lia.ve other appointed conditiona of well-being 
than those of each of its members. 

So, while I am on the subject, I should like to adviao 
those who wish to apply tlicmsolvca to what ia called 
politics — that 13 to say, social life — to begin. tlioJi' 
studies of the body social, by studying the body bnman, 
flrat. Thoy will learn mora from it then from tho 
newspapers ! 

But you have nothing to do with all this. For the 
present, take notice of one thing only; viz., that tho 
hand of the same God has passed over everything, and 
that there is neither mach presumption nor much merit 
in tracing points of comparison between the diEferent 
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payfei oi ilis work. Thcae comparisons are not a mere 
play of the uiind ; they really exist ready made iu tlio 
Tcry foundations of tliingB, 

Now le*- U3 come down a, little from these lieigLta and 
return to our frieucls the liinga. I have not Bpokcu 
about them for some time, and 1 havG not yet told, you 
how tliey are- constraeted. 

I wlali. I could show you some, but the cook will do so, 
I if you would like to aee item. The ligliis witli which 
she feeds the cat and tlie dog are the lungs of some 
animal. 

Take up a piece in your hand, and you will find yoa 
have got hold of gometliing Ught (cooks have uot given 
it itg Bamc without a reasou), wiicli is also soft, siata 
under yoiii' finger if you press it, and rises again aXter- 
wards like a Bpono^e. In fact, the lung, like the epongo, 
ia composed of an infinity of minute cells, whose clnstio 
eidea can be contracted or cspanded at will. Tlicy are 
like so many little chambers, into every one of which 
blood and air keep running hastily, each on its own 
BidCf to bid good day to each other, toucli hands, and 
ttien hurry out as briskly as they came in. Whether the 
bit of lights the cat is eating, comes from an ox, a pig, 
or a sheoi*, you may look at it -^vith perfect confidence ; 
your own long is precisely like it. You would see 
nothing difTereot, could you look into your own chest. 

So much for the sitlistance of the lungs. As to suape, 
imagine two large, elongated packcta, flat inside, dcjscend- 
iug right and left, inside the breast, and beajing the 
heart, BUBpended between the two, in tho middle. The 
estremity of each packet dcscenda below the heart, and 
it ia in the interval which aeparatcs thora that the arch 
«f the diaphragm performs its up and down movement. 

I have already said that air reaches the lungs throogh 
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the laryiiai. The larynx (of wtlch ivc sliall speak lur- 
tber wiien I hare csplaincd OBother curious tiling very 
valuable to little girls— the voice), the larynsp ia a tulse 
coDdposed of five pieces of cartilnge (you know now 
wliat cartilage or gristle is), tlie fli-m rG^isLiiig testuro 
of wliich koepa it always open. Aftor tlieae fivo pieces 
of cartilage, corao otlicra, anil tijc tube ia conlioiicd ; but 
it then takes tlio name of the trachea; the laryjtx and 
trachea coostitatiag the tdndpipe. 

At ite entrance into the chest, the iracltea diTidea 
into two branches, wliich are Called bronchial tul^S, 
and which run, odc into the right lung, the other into 
tho left. Yoii eoinetimeB hear people talking about 
bronchitis. It is an inflammation of tlicso bfonchiai. 
iuhes, which are within an inch or two of tlio lungs. It 
is necesaaiy, therefore, to be very careful in such circmn- ' 
stances, and do exactly what tlio doctor prescribes, be*j 
cause — one step further, and the iufiammation estenda 
from the bronchial taboa into tho lunga thetnaelTflB, ■with] 
which it 13 not safe to play tricks. 

Having reached the langg, tho hronchial tvhes aub-1 
divide into branchos, wliich ramify again in their turn 
liko the bouglig of a tree, a,nd the whole ramifieatiou^j 
terminates in iuiporccptiblo little tubes, each of which ^B 
cornea out in one of those little chambers I was talking ^' 
about just now. And tbia ia the way in which air get» 
there at all. 

The Tenons blood which leaves tho heart, arrives en' 
its side by one largo eonal, which passes out from thai 
right ventricle, and which ia called the pidmonaryi 
artery. And, to tell you the truth, while there ia no 
learned man present to be angry with iis, it is; a very 
ill-choscn name, because it is -ucjioio blood which flows 
in this Bo-called artery. Bat the doctors have decided i 
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11 tlie vessels wliicli run from tlio heart should be 
called arteries, aad all tliowe wliich go back to it vcin«, 
wliatever may be tlie naiiire of the blood which tliey 
contain. Wo cannot help it, because thoy manage all 
thrae mattci-s in their own way ; but in that caso it Wa3 
scarcely wortli thoir "whilo to talk about artenal and 
pcnons blood. It would have been better to have said 
limply, rod blood and black blood. 

Be this as it may, venous blond arrives from the right 
venincle through ihc j)uhiio!mri/ a licr}/. This dLTidea 

Pit^eir, like the hnmcliinl iabes, into thousands of little 
pil)ea, -wlio&e extremities come creeping along tho par- 
titions of thfl litllo chamhcrs in question. 
And here, then, takes place, between the air and tho 
blood, that mysterious intercourse for tbe account of 
which I have Itept you waiting so long ; and at the end 
of which the black blood becomes red, or, in other worde, 
from venous becomes arterial. I have called It " inter- 
course," and this ia really the proper phrase ; for thta 
itransformati on of the blood is accomplished by means of 
exchange. The air gives somotliing to the blood, and 
the blood gives something to the air — each giviag, in 
exchange, like two people over a bargain in the market- 
place. 

"With your permission, my dear child, wo wiil slop 
liGre to-day. We have now got to the ehai-coal market, 
tnd it h a little black. 
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:abbon and oxtoes. 

Heee, then, my dear child, we have arrived at tha 
explauation of that great mystery, why we breathe 
Keep on tlio alert, for we are now entering into a region 
where everything will be new to you. 

Here we are at the charcoal market, I said to yon just 
now, and no doubt you concluded that I waa beginnii^ 
another comparison. 

But no such thing ; there is no question of comparison 
or simile here ; I state the fact itself, pure and simple as 
it stands : it is a markel, for commercial intercourse and 
exchange are carried on there, as I told you before, and 
it is a charcoal market, because charcoal is, positively, the 
essential and chief article of commerce. 

You are astonished, I dare say, and are ready to ask 
me whether I can possibly mean real charcoal, charcoal 
such as the cook puts into the furnace. Surely, say you, 
we have nothing lilce thai in our bodies ? Surely we 
don't cat that 1 

But I answer yes ; real, true charcoal, and yon do 
not dislike it ; you eat of it even daily ; nay, you do 
not swallow a single mouthful of food which does not 
contain ita proportion of charcoal. 

You laugh ; but wait a little and listen. 

AVhcn you are toasting a slice of bread for breakfast, 

and hold it too near the iiro, what happens to it ? 

(icii) 
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It lurna quite Wack, does it not ? 
When mutton-chops are left too long untarned on tlie 
'gridiron, what Iiappena to Uiem? 
1^ Thcj turn quite black also. 

H WLen. your brother forgets tlie apples wliicli Ilg has 
set to roast, what Iiappena to tliem? 

t'i'bej tnrn quite bLack, as you Lave seen more than 
It is always blaclc, then, that these things turn, 13 it 
ot ? and a fine rich charcoal^ black, as yo« may see if 
you please tn observe charcoal closely, for just such ia the 
color of little burnt cakes, over-roaBtcd chestnuts, and 
potatoes in their skins, which have been dropped into 

But there is a common term by "which ive can cspre!?3 
moPG accurately the misfortune which haa bcfaUca oil 
these various things — slices of bread, muttoo-chops, 
apples, cakes, chestnuts, potatoes, and what-not, when 
"bnrut," " over-toasted," " over-roasted," or '■ over- 
baked/' We may call them carbonized, or more almply 
Kharred or ckarcoahil; though the word clmrrcd ia gener- 
liy used only for burnt mooJ, But carbon being the 
principal ingredient of charcoal, and charcoal being one 
of the pm-er forma in whieli we got at ct'i-hori, thoy avo 

■almost BjTionyinoua terms, and you may call your hnnit 
food carbonized, or chaiTsd, or charcoi.kd, whichever you 
prefer. 

iTjje next question is, how did charcoal or carbon get 
ato the food so as to justify our talking of its being 
zrhonized or charr&lf Even when we nso chnTCoal 
tovcs for cooking, the cliarcoal does not jump oat and 
|ct into the rantton-chopa, etc., yon may bo sure. Thou 
it U clear it must have been in them lelore they weru 
^Jirowght to the lire to be cooked ; and eueh ia indeed 
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iho case, only its black lace escaped notice bocanse il 

was in sucli gay-looking company, and kept itself hiJ 
behind the othcre like a needle lost in a match-box. Sot| 
Gre to tlie matclies, and you will soon have nolliiBg loll 
but tlic needle, which will then strike your eye at oucc. 
And 80 with oar biinit food ; the fire has caiTicd oHjiIij 
the other ingredient, and the charcoal is tcl't behind 
alone, espoaed to everybody's view, as if on purpose to 
teach them, thiit it was oliraja there ; ia the apples, i. s.,] 
tho potatoes, mutton-chops, etc, which socincd bo tempt- 
ing when tiie black rogue was hid, but from wLich now, , 
when lie is thoro by liimaolf, they turn away in disguat, 
Charcoal is, iii fact, a much more generally distributed 
substance than you have been imcd to suppose, dear 
child. That which comes from burnt wood ia mostj 
easily observed, becauge there is a much larger propoi^ 
tiou of charcoal in wood than anywhere else ; but therft 
U not ft morael, however sraall, of any animal or vcge-j 
(able whatsoever, which docs not contain eliareoal. fftl 
tlie sugar which yo« cruneb, in tho wine which you drtnkJ 
there ia charcoal. I could even find some in tho waterj 
you wash in if I were to try hard. There is charcoal 
in the gooac-quiU which I hold in my hand at thia. ^< 
moment, and in the paper on which I am writing, and^H 
in tic handkerchief on my knee. If I hold them atl ^* 
three in tho light of my was taper, I shall soon sea 
them turn black and betray the presence of our friend. 
It exLstfl in the wax taper itself, as alao in the candle, 
as also in tho oil lamp. If I were to hold a piece of ^j 
Hat glass above their Hame, I shonld collect enough of ^H 
it to blacken the tip of anybody'a nose who presumed ^' 
to doubt tho fact. There ia a portion of it in the air j 
a portion of it in the earth. Where ia it not ? In shorty 
qU the Blonea of all the buildings in the world nro filled 
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witli it from top to bottom. Ckarcval, under his moro 
scientific and important uamG of carhon, may lie ©slled 
oao of the great lords of the world. His Jomaia ia so 
extensive ttiLit one might go round tho world without 
getting out of it ; he is even worse than the Marquis 
of C'aralias. 

After this j'oii will never, 1 Iiopc, want to persuade mo 
you do not cat charcoal ; I'or, indeed, yon would be pus- 
zled to eaeiipc doing so. Of all the things you see on 
the dinner-talilo there U but ono in. which you will not 
(iad it — viz., thcsalt-cetlar ; and even whilo saying this, 
1 mean only, in the salt itself, for as to tho salt-cellftr, 
clear and transpareut aa its glass may he, there ia char- 
coal in it [ 

Our bodies, therefore, are full of charcoal. Every- 

■.thing that we Cat supplies them with enormoiia quantities 

lef it, which take up their quarters in CvCry COrnCr of OUf 

[organs. It is one of tlic principal materials of the vnst 

jilection ofetruetures of which I spoke to you in Iho 

irly part of theae lettei-s, and of which tho blood, tlio 

Iteward of the body, is tho universal master-builder. If 

^ou remember, I told you tiien that these structures fell 

pieces of themsclTes, in proportion as the workmen 

went on building, and that tbe blood, which brings fresh 

materials oa its arrival from the lua^^a and heart, carries 

away the refuse ones on its rcturu. And, of all these re- 

fuHo materials, old charcoal ia one of those which takes 

np the most room, as fra^h charcoal took up a great deal 

of room in the new materials. The blood, as ho goes 

itiack again, has his pockets c^uite crammed with it, and 

"lie did not try hard to get rid of it as fast as possible, 

le would be disabled from hciag of any further use. 

Xow it is in the lan;:;;^ that he clears himself of it, Ho 
riTCB it up tc the air, which haa need of it for a very in- 
8 
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tereatlng oporation, of which I sliall tell yoa more tiy 

and-bje j and in return tie air gives him sometlun^ 
which is quite inthspensablo to biinj for without it hi 
would not dare to return to the organs, as hia authority 
woald no longer he rceogiiised. 

In the Bame way, the charcoal-sener gooa to mai'kel 
with hig charcoal and rcceivts silver in cxcTiango. 

If he were to go homo without mouoy Lis wife wonltl 
recdvG him wiLh atuse. 

But what is tlic indispensable thing which the blood 
obtains in liis marketing? 

Remember ita name well : it is Oxtobn. 

And wo must S[)eak of it with respect, for we are talk- 
ing hero of a very great and powerful pflrsonnge, very 
Bupcrior even to Cabbon. If Carbon ha one of tbo 
great lords of the worliJ, Oxzges is ita king. 

There la a certain aabstaueo, my dear cliild, of which 
many people, especially little glrla, do not even know 
the name, bat which yet conatllitlca of itself alonca^ood 
half of everything wc arc acquainted with in tiie world. 
And this Bubatauce is the very tiling I have just named 
to you. It is OsTCEN. 

Ascend into the air as high as you can go, viz., to for 
miles or so from the ground, as we said before ; orygsn 
forms the fifth part of that vast aerial ocean which stu^^H 
rounds the globe on every side. There it ia free — ^S^^ 
itself— U I may use the expression ; it is in tfie condition 
otgasf that 13 to say, it eludes our eight- though tlien 
13 no difficulty in ascertaining its presence, when on 
knows bow to set about it. 

Go down into the deptha of the sea. People think 
tlicy have good rcasouH for believing this to be two and 
a half miles deep on an average, which would give a 
pretty littto sum total of tons for its wliolewoight, aayou 
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^Krmbe convincoQ, if you take the trouble of observing 

^Btlic space it covers on a map of the world ; — to say 

^■Dotbiag of lakeSi rivers, fitrenma, tbc ■water in the clouda, 

•* the water ecatkired throughout tho interior or ou the 

sui'face of coEtincnts, including that with ■whicli you 

iraeh your face every morning. 

^K Oxygon entera in the proportion of eightnintlia into 

^■the compoisilioQ of this incaiciitsible mass. Eigkt-jdniks, 

you understand, wliicb la very near being the whole 

nine ; in every nine pounds of water there are eight 

^^oonds of oxygen, the remainder being left for another 

^KtubstHQce, of which wo shall havo occasion to speak prc- 

BSutly, and which ia caUod kj/dror/eu, 
^_ The earth on which you tread is full of oxygen. So 
^Kir as wc have penetrated hitherto Ejito the interior of 
t!ie plobo, wo have found king Oxygen overjwliere : Lid- 
dca under a thousand forms, conneoted with a heap of 
substances, not one of which could exist without him; 
imprisoned in a thousand combinations, and always ready 
to resumo hia natural condition if his prison-house bo de- 
stroyed. The whole surface of the earth, plains, hills, 
mountaiaa, tovns, dcaorls, cultivated fields, everythiug 
you would look down upon, if on a clear day yoa could 
"jo earriod high enough in. a balloon to take in the wholo 
earth at a glance : — all that may be considered as an im- 
mense reservoir of oxygen, out of which wo should sea 
it escaping in gigantic waves, if some superhuinan chcm- 
^BBt were to take it iuto his bead to put our poor little 
^^lobe into a retort of the eamc kind aa clicoiists use 
among vs. To giro you an esatnple ; the stones of our 
fine buildingg, in which we have already discovered the ' 
^^rcsonce of cnrboii, are almost half made up of oxyyen. 
^wi a fitone wliieb wciglia 100 lbs. there are 48 lbs. of oxy 
^■en, and the first chemist who passeB by could make 
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tlieni come outoFit if he chose, If he were to nso a littla 
trouble aud ekill. 

I enuTaOratcd to yOu last time mauy Of the aubstanca 
in which caflo7i is to be found ; but aa rcgarda cit.yt/tn 
wo must give up all attempt at making a list ; it ■vFOtlJ 
eomprcliend the whole dictionary. Toucli whatever liejl 
under your hand — in your room — in the hoiiso — wherever 
you may go — I will almoat defy you to put your finger 
upon anything — metals excepted — which is not crammed 
witli oxygen. Your very body, to conclade with, would 
become so small a thing, wero the oxygen it contains os- 
iractcd from it, that yon would be pci-fectly amazed. 

So when I told yoa OsygOa was king of the world, I 
did notaay too much, did I? Between om^elves toOiiti 
ia a great misrortune that people live on so coraplaceat 
ly in total ignoranco of this all-imporlant matcriil, 
whieli is confie(;ted with everything, which insinuates it- 
self everywhere, which we make use of every instant of 
oar lives, which may almost bo said to bo in soiuo sort 
our verysclvca, since it constitutes three-fourths of our' 
bodj', but wh'tWO natno ticvcrthcloas would, I am cOrta,in, 
inak-j many pretty little mouths pout, if oqo wero to ntter 
it in a drawing-room. 

Thia is really the caec. Many young ladies who ars 
proud to know wlso Caractocus was, would bo ashamed 
to know anything about oxygen. There is a. foolish no- 
tion that women have no buaincss with such subjects, 
probably because children arc supposed not to breathe 
and mothera aro not required to watch over tlicm? 

This reminds me that we are on the road to esplainl 
rwipeVflitf", whioli I had almost forgotten in lifting up 
this corner of Hie veil behiod wbicii Nature tides hoT 
most valuable secrefa from the idle and ignorant. 

It ia Gxygien then, which the blood carrioa o£f" b-inm 
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piiautly from his interview with tie air in the cella of 
the Inngs ; and, hy the way, it is, thanlia to this oxygen 
that it rctui'DS from ilie lungs to tiio heart, and so Q-urn 
the heart to tlic organs, with that beautiful roay tint 
■whiclidistinguislifls arterial from venous \Aoo\i, 
I Now the blood gives out this OKjgen on ita road every 
time it performs the journey, and tlie perpetual course it 
performs from the lungs to the organs, niid froni the or- 
gans to the Inngs, has fop ila chief object tlie perpetual 
I renovation of this previous provision, which is aa per- 
petually consumed. 

Do you ask of what use it is ? Does the hlood Icavo 
it at random in our organs, and ia it one of the materials 
with which our steward is constantly providing the littlo 
worlcm&Q of the body for their various cons tractions ? 
No, my dcai' child. Tho proverb " Om cannot Hva 
\v,pon air," is a very true one, although it is equally true 
'that wo cannot live without air. Air doK not nourish 
oup organs ; on the contrary, it consumeg them, and 
what we eat, serves to supply in precisely the same pro- 
I portion its insatiable appetite. When we leave off eat- 
K^f , from whatever cause, tlie air doea not leave off too, 
BBc goes on always just the same, and that is the reason 
^ivhy people who arc starved to death aro so thin. (The 
' air has consumed the vital parts.) 

Ton did not cspeet thia ; hut dow prepare yourself 

go on from one surprise to another. To begin with, 

shall have t^o stop here and explain to you before we 

TO any further — can you guess what? Nay, I am aure 

fou cannot ; Fike. 

There ia not much connection, you wUI say, between 
ire and hreathiug. 
But there you are mistaken. It ia precisely the aamo 
ling, as I will prove to yon nest time. 
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Have you never, my dear child, whilst warming yoar 
little feet on the liearth in Trinter-time, asked yourself, 
What ii firs ? that great bcneriietor of man f fire, will!- 
out whieh part of the world would be umnhabi table by 
OS during at loaat a tbird of the year ; fira, 'withont 
which we could not bake a morsel of bread, and would 
havo to eat our meat raw ; firp, whicli lights up the 
uiglit for us, and without ■wEiicb we MiouM have to go to 
bod wlicn the bens go to rooat; lire, which subdues 
BaetalSj and witboiit which wo sliould have neither iron, 
nor copper, tor silver, nor anything that is maDHfactur- 
ed from those materials ; Are, without which, in ahortf 
human industry could not riso to much higher rraults 
than that of the monkey and of the beaver ? 

Wq arc all of us, it is true, so much accustomed to 
Bre that we do not pay mucli attention to it, and have » 
Bort of persuasion that lucifer matchca have existed 
from all eternity. But the first men, who were nearer 
neighbors to that great discovery whence all others have 
originated — the firyt men treated iire with moro respect 
than wo do. It was to them one of the mighty things 
of the world, Tbo ancient Pcreians made a god of it, 
and told how Zoroaster, their prophet, went to eoek il 
In Leaven, passing tliither from the top of the Himalayas, 
the bigheet chain of mountains in the kncr;n world, 
UTi) 



A 



COMBUSTION'. 



175 



Tlie old Grooks pretcncted ttat Prometheug stole it from 
Ihe gods, 1.0 make a present ot it to man, which cEimo to 
noarlj the eanie thing as the Persian account. The 
Ronsane had their sacrerf /ire, •wMcli tte celebrated Ves- 
tala were bound to keep liglitei, oil pain of death to 
viioevei- should let it go out. At the present day -we 
do not stand upon such ceremonies, but ivorm oiu- feel 
at it quite familiarlj', without wishing for anything fur- 
ther. But you would see a terrible revolution in tho 
world if sonio Prometheus reveracd were, some fino 
morning, to steal it from us, and carry it baclc to its 
ancient owners. Every branch of human industry 
would suddenly stop, as if by cnohanlment, and in the 
course of a "very few years the p&or little framework of 
human, society, of whict WO are now BO proud, would 
totally change it3 aspect^ and the whole T^orld would ba 
'uj-ned topsy-turvy. 

Bat do not be alarmed ; there is no danger of the 
Bort. Fire is not a preseutonce made to man, but liablo 
\o be taken away from Mm at will. It is a law of na- 
ture which existed before the human race came into 
*)eing, and which will doubtlesa continuo to esistwhcn 
Uie human race shall have dlBuppearcd. The existence 
if firo is connected in the most inthnato way with that 
3f that great king of the world of whom we spoke last 
rime — Oxygen. Fire is tho wedding-feast of Osyg<in 
wiih other Bubstanceg I 

"When kings are married, what rejoicings there are I 
what a commotion I whatillumiEiationa 1 It ia only right 
Bud proper, then, tliat the king of the world should have 
rejoicings and illuminations at his weddings also. And 
they have never been wanting. The rejoicings are the 
warmth which rejoices iifl ; the iUuminatio^is, the flame 
ffhitih giTss U5 light. But mao, in kis dealings with 
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Dalure, is an iiai-icriotis BiiLject, eucli as fcW'CartlilytMig^ 
aro troubled witli — happily Ibr tlioml "Whenever La, 
wanta warmth and light he forces tlo kmg of tlie world' 
to got rnarried, and then lakes advantage of the feaatjj 
nothing woi'so than tljat. 

" How BO ?" you exclaim. " If I want to make a, fira ! 
with stones or iron, I aliould Ticycr succeed. la this be- 
cai^G oxygen nCTOr unites liiiiiaclf with those enbstances, 
nor with heaps of others which are equally useleaa in 
lighting a fii-e? Yet you toM mo that osygen was to- 
be met with almost everywhere," 

It JB a fair qnostion, my dear child ; but my answer ■ 
is, that what you said, last is precisely the reasoii wliy 
all suhstuncGS are not fit for makiag fire of. Wlion oxy- 
gen is already there, as he ia in stones, for instance, tie 
mamngo is over —the feast canuot begin again. Kings 
are like other pcoplo in this respect ; their weddings 
are only celebrated once. If yon had happened to lift] 
present at the moment when oxygen was united to tlic 
materials of which stones arc composed, you would 
have seen a feast of which I eliould like to havo heard] 
some news. I was not tliere myself cither ; but learned 
men in these latter days liave succeeded in breaking the 
bonds which united oxygen with tlie primitive Bubstancei 
in certain fragmenta of stone, and with these siibetancea i 
thus freed, and consccLucutly ablo to remarry, they havo 
been enabled to give us, in miniature, the ?p€claclo of 
the festivities of a fresh wedding. And I can assnro 
you it is enough to make ono shudder, to think of tlie 
time when such a marriogo must have taken place on a 
large scale. 

AVith regard to iran the case is quite different. 

Ton Lave without doubt heard tell of Louis XIV. (of i 
France), that proud king who waa called h Grand, andij 
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t™o is said to bavc lieard himself coiiiparo3 to tho san, 
without Bmilin^. It Ecema that he org daj took it into 
his head to marry, it is difficult to say why, with Jladame 
dc Maiatcnon, the old wtfe of a pooi- paralytic poet 
named Scarron, wiio, as Biii;h, how€ver, wag only known 
byaoiue few farces. Do yoa sapposo that the palaee of 
Versailks wag illuminated in honor of thia marriage? 
Not a hit of it. It was a di&graceful marriage, which 
they were bound to lecp secret. Tho ceremony was 
conducted mysteriously and without lig-hting a emgTc 
candle more than ordinary. 

I do not pretend to say that oxygon has any of thisir 
weakncasK, nor that he 13 any more partial to marrying 
with one body more than with another. In the good 
God'a gTOat world, outside of the family of man, they 
Icnow nothing of our foolish pride, of our little weak- 
nesses. Itis nevertheless a faet that tills dear monarch has 
his preferences, and that all his marriages are not 
made in thia fashion. 

Leave those pretty little ecissora of youra, with which 
yon would try io vain to make a fire, outside your win- 
dow for two or three days, and then observe the dread- 
ful, scaly, red stain which yon arc sure to find on them 
afterwards, and which is called rvsi. Hava you any 
idea whence it proceeds ? I will tell you. It comes 
from the oxygen, which has been making one of those 
cheerless secret marriages with the iron of your aciaaors. 
So there liave licen no pretty sights uor Bounds, no lights 
nor cheerful nahoa to entertain, anybody, and though 
pcoplp mny have wished for them ever so m-uch, they 
have had to do without them, 

1 will tell you tlie true reason of those marriages i"«- 

eofftiClo, It 13 because oxygen ia but feebly attracted by 

iron, who does not stand so high in hia good graces as 

8* 
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many ofher oodles, anJ bo (to continue tlic Jote)' 
unites slowly and languidly with him, as wc may say. 

Now tell mo, when you act firo to a bit of paper, hoff 
long docs it take to burn ? 

Half a mmute, at the utmost, you answer. 

Very good. And how loog^ does it take to prodnM 
that ruBt-3tain, even though it is probably not a hua- 
drodth part the size of the paper 1 

Two or tUroQ days, is your reply, for so I told you my 
relf. 

Here ia a strange dfforccca indeed ; but from it you 
may discover why you have uot sfien any aigria of re- 
idiciug or iltumi nations at tho iron wedding. Theafl are 
always ia proportion to the quantity of oxygen which ia 
being married at ouco — and this was — oh, such a Blow] 
affair I Whon the quantity ia very amaU indeed, the 
fcatal illuminations are very small indeed too, and in ■ 
fact escapa observation altogether. In the eame way 
tliat you wonld not be conHcious of little bits of thread 
laid delicately one after another on your back, wiiereas 
you would plainly feci a large sheet, were it to fall on 
your shoulders. Yet what ia the largo sheet but a great 
quantity of little bita of thread? Only in that case 
they would all corao upon, yoa at once, liiie the marriagBj 
illuminations of burning paper. 

Wait a little longer and we shall finish. 

What ia there, then, in the paper which pleases the 
oxygen BO much that he unites himself to it ao readiIy,^H 
and in such large quantilica ? ^^ 

What is there ? Two eubstancea of high degreSf who 
have actually risen to the dignity of a royal alliance, by 
the important part they play in the world ; one of these, 
cliareoa] op carbon, we know quite well already | tlia 
other T Lave only m< to you in eounectioD 
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■with water, hydrogen. Thanks to gaa conipaniea, every- 
LiOilj- in tleae daya knows hydrogen, at least by name. 
But before proceeding, I will just tell you that it is by 
far tlie lightest body that is koown. It ia forty and a 
half times lighter than aii", which ianot very heavy itself, 
althougli in the mass it has its weight, as we have seen. 

The true province of hydrogen is water, where it keeps 
house wii.U oxygee, in proportion of one to eight jjounda, 
as you may rememlier I stated in my last letter, Bnt 
beside this , hytlrugen and aarlon are in a manner insepar- 
itbloMenila, whom one invarja.bly meets side by side in 
all animal and vegetable Bubstances. In wood, coal, oO, 
tallow, and spiritg of wine ; in everything in ahort that 
wc call coinhiiviibL'^, becaaso the name of combustion has 
been given to this marriage of oxygen with other bodies, 
hydrogen and carbon keep thcmselvra shut np very dia- 
crectly and very quietly ; like two children playing at 
hide-and-seek. You. have sometimes played athidc-ani- 
neek youTricir, no doubt? Now, if some naughty ehild 
had eome behind yon with a lighted candle, what would 
you have done? Ton -would have had to turn ont, 
whether you liked it or not, and be caught. Well ! this 
ia what happens to our two fi-ienda, when yon bring the 
paper to the fire. The heat forces them oat, and tlie 
oxygen, which is always at hand, seizes upon them. In a 
twinkling they arc married, and a beantiful flame springs 
Up into the air.which lasts til! everything has disappeared. 

Hydrogen and carbon ! These, then, are the two great 
combustibles, the two parents of fire ; and as nature has 
lavished them upon us inwhatwe may call inexhauatihlfl 
quantitiea ; when you bear people lamenting and saying 
that wood is disappearing, that coal is diminishing, and 
ibat the human race will end by not knowing how to 
warm themselTes, do not disturb yonxself in the least 
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Tliero 13 more bydrogen ia a bncket of water tlian a 
wanted to took a large ditiuer. There b aa much anJ 
moru carbon in our stone qiiarriea than in our coal pits, 
and wtea all the woods in the world aro cut down (whicli 
I truat will never be I) do you know wfaat we shall do ? 
Why, we shall take to burning t]ie mountains. The Jura 
mountains in Switzerland, for instance, (to take themoat 
favorable csise) are groat masses of carbon, witbout ita 
Bvor being" visible. Everythmg depends upon Icnowing 
litiw to make it cornc out of its hiding place ; but that 
will i3c done wliea it ia wanted : moro difficult matters 
have been accoiDplishcd already. As to oxygen, whclh' 
Or carbon comes to liim from a leg of wood or from fl 
buildiDg atone ; whether the hydrogen comes ijoin a cau- 
dle or a glass of water, ia a matter of perfect indifference 
to htm. He only conaidora persons, not their origio, and 
miLrriea as willingly in one case as in the other. 

So we baYO returned to the subject of reapiraiion, on 
wbicb I always seem to b* turning my back ; bat now 
the question is, what brings na to it again ? And this 
iB the csplanation. 

Wlien the osygcu picked up in the lungs by the blood 
has traveled with it to the organs, he Ibida there two 
wclMcnown friends — ^liydrogen and carbon. 

Yon Binile, and exclaim at once, " Then he marries 
them, docs he?" 

Yea, my dear child ; and itis only for that purposehe 
enters our bodies at alh And this is why I could not 
make you understand tho nature of respiration niitil I 
had explained that of fire to you. Aa I hare told yon 
before, it ia the .same thing. Invite all' into your body 
by the bellows of your chest, or drive it Into the fire by 
I Ihe kitchen bellows — it is always king Oxygen wlion! 
I you are sending t/j his wedding. 
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Now, then, we have got hold of the secret of respirw 
(ioBi f tlie oxf/fjen wiLhin us unitea itself to the hydrogen 
and carbon. 

And for wliat purpose, do you suppose ? 

UnqncstioDably it must Ijc to mako a fire, since they 
never come together without doing ao. 

Bui what do people make rir(H for ? I aak nest. Well I 
surely to warm themaelvcs, do tbcy not? 

And tlia is the history of your body being warm ex- 
actly like a dining-room stove, whore the oxygen in the 
nir forma au alliance with the hydrogen and carbon of 
liie wood. Nature warms little girls inside, on precisely 
tiic same plan 1^7 which men warm then- houaea in wio' 
tcr. 

Imagine, tlien, a little atovc, furniahod with little anns 
for helping Itself oat of the wood-basket as it ia wanted, 
and with Httlo legs to ran and refill it when it is 
empty ; t!ie Sre must be always biu'ning tUere, and the 
stove muat bo always warm. 

Just such a tittle stove 19 your body ; your mouth being 
the little door, by which there constantly enter — not 
wood tliat would hardly be pleasant — but — hydrogen 
and carbon under tiie forma of bread, mutton hrotli, 

£vcctmeats, and all the good things people havfl 
1 make with sugar, fat, and flour. There is 



182 



ANIMAL EEAT. 



di'Ogen ftud cail^jn in everything wg eat, as I liave al- 
foady told you ; but sugfip, fat, lioiir, and tvins arc tla 
substances which contain them in tlie greatest quantitiea, 
and cous(?q«eutly the\- arc our beat comhuxt'thhs. 

You are siirpriaod, perhaps, at tolne being a combusti- 
ble ; wine, wliich you tliink would pnt out rather than 
make a Grc. 

And it would. But that m only because in it, vltat la 
good for liurning is mixed "with a great deal of water, 
which prevents our being able to act it on liro. But if 
part of this water is withdrawn, you havG hramli/, whidi 
lights easily enough ; and if part of the remaining water 
is withdrawn from tlie brandy, you liavo spirits of wine, 
which taltes fire more easily still. If you have ever seen 
a spirit-of-wine lamp, you miKt linow somctlting about 
this. Judgo frdm tliat what a Gro spirild of wiae muat 
make in tlie body, cvcu wlicn it Iiaa a, good deal of water 
with, it ; for it ia right to tell you that your little stovB ] 
is Tcry enperior to the one in the dining-room, and that 
it hunts out for consumption the smallest portions of 
combustible matter, in places where the other would be . 
a good deal puzzled to lind them. i 

Tills 19 not all, however. I Lave much greater won- 
ders to toll yon yet. 

What should you say to a stove, which, summer op 
winter, night or day, in rain or sunghine, amid the ice of 
the pole, or nnder the son of the equator, was able to , 
keep iteclf constantly in tho same condition ; neither 
hotter nor colder one minute than another, whether you 
gave it much or little fuel, at a git on momont, and aomfr 
timea when you gave it no thing for whole days together? 
It would bo worthy of a fairy talc, would it not? Yet 
the Immau body 13 a store of this doscription. 

Bnt this requires a little explanation. 
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It is raflier bold ia mc, j^ou may think, to asecrt bo 
freely, lliat all the jear round, from one end of the earth. 
to tie other, tlm human body is never colder nor hot- 
ter tiian raiae is, for instanco, at this present moment. 
" Hot" and " cold" is soon said, yon argue : but the ex- 
act rarietiea of mora or less are not so easy to measure, 
and eapectally not easy to remember, with reference to 
EO many bodies, scattered over the face of the whole 
earth. What may be warmtii for one in one casej may 
not be equal warnoth for another ; and even supposing 
that the snmc iudividaal learned man could go and in- 
I ppect every part of the globe in succession, how could he 
possibly reenl!, while touching the body of a negro in 
Senegal, iu July, the esact amount of animal heat be iiai 
found in a Greenland Esquimaux la January? 

Be content;. I sijould not have settled the question so 
cavalierly, if people had not discovered an infallibla 
method of estimating accurately, and dwaya in the same 
manner, the degree of warmth, in other words, the tem- 
perature of the body. 

Let us first soo, then, what this method 19, tliongh it 
'will obi ip:en3 to dtgrOHs a little ; but you are accustomed 
to that now, sorely ; imd besides, if I were to go straight 
ahead, you would not be able to follow me. 

Do you ever rccolleet being very cold? Let raammaa 
look after their little girls aa much as thoy plcnac, to 
prevent it| It J3 euro to bflppen to every one aome day or 
nther. Now docs it not seem at those times ag if the 
whole body wore couLracting itself-- -and when people 
|are shivering with cold, have they not a. shrunk, shriv- 
■ died look ? When the weather is very hot, on the con- 
, trary, our bodies feel as if they were swell lug and stretch- 
ling, and onQ sccmS to take up more room than bcfora. 
TUia is the case with all bodies. Heat swells, or, u 
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learned people call it, expands, them: oold shriuta or 
contracts tlioni. Furthermore, visrcttry is one of tiic 
tilings most susceptible of thia action of Leat and cold, 
and we Eiave had recom-se to it accordinffly, in tlie con- 
Btructioii of tlio thcj-inomeUr* a "verj useful instrument, 
wliicli yon will Lear spoken of all youi' life. 

Tlie thcniiomeier, or hea-t'iiicasure, consiata of a little 
lioHow ball filled with mercurj', out of which rises a 
small tube of Tery thin glass, in which the mercury can 
move up and down. When the thermometer is esposcd 
to heat, the hea E caiisca the mercury to oxpaod, po it goea 
up the tube; when the thermometer is csposed to cold, 
the mercury contraeta and sinks again. 

Now HuppOBO you woro to molt some ice in. the palmj 
of one hand, and try to dip a finger-tip of tlio other in a] 
saucepan of boiling water ; you would find a groat dif- 
ference of temperature between the two, woald you not ? 
Which diiferonce of temperature people have succeeded 
in. measuring with the thermometer, as accurately aa 
your mamma measures a piece of cloth with her yard' 
measure. 

This is how it is done : 

You surround the ball of mercury with pounded ice, 
and while It is melting make a mark at that point in tho 
tube where the mercury has stopped in its descent. Then 
plunge the tlicrmonictcr into boiling water. Whereupon 
the mercury goes up, up, up, till at last it reaches a point 
beyond which it will not pasa. Here a second mark is 
made, and the space between the two marks h divided 
into a hundred perfectly equal parts, indicated by so 

* TlicrmameUr comes from two Greet words: ttuirmot, lieat ; and 

weti-on, mpusura. Tlifl degrees in tlio Tliormometor ohoiit to he d* 

Bcribed ure niarlttd on tlie Cenfl^ratie priadplc, [Not Uie one {F*li- 

iTCiobelt) In general use in tlie United Btates.] 
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mauy amdl lints, wliicli. aro calleil decrees. But tliia 
word diffrce^ has a doable meaning in gome languages. 
It mcariis steps aa well as tlis deuces of mcasureinent 
ve are tallaag about ; stc[>3 being, as you know, tlie 
perfectly equal parts mto wbieli a stoircaso is divided. 
Fancy the mercory-tabo a staircase, then, rising from ihf) 
cellar Tcltero tlio melting ico is, up to the garret Trhuro 
the boiling water is, and let it coiisist of 100 steps. The 

Imercuiy g^oes up and down thia staircaae, atcording aa 
the temperatoi-G it cncoantera approaches that of tlia 
boiling water or of tlic melting kc ; and if you wish to 
know exactly liOW far it if from, the cellar or from tlie 
garret, you have only to courit the sUj?s. Hencc ari^o 
those exprefssions which you so often Lear — high torapcr- 
ature and low temperature. These mean, temperature 
according to wliieh the mercury gois up or down thia 
itaircase, 

Od the actual floor of tlie collar where the ice meltSj 
there are yet no degrees (a floor is not a 6t<^p, yon know), 
BO tliero you find the word zero, which means a cipher or 
nought. Then you begin, to count 1, 2, 3, 4 degrees, 
marked by lines up to 100, where yon reach the garret, 
i.e. tiae boiling-water height. 

I Of couise, if the tliermometer be exposed to an anionnt 
of cold greater than that of melting ice, the mercury will 
sink below tlic cellar. Accordingly the Btaircaac ia car- 
ried below it, with steps (ao to speak) of preciecly the 
Same size as those aboTft, and yon coUDt as before, 1, 2, 
3, i'c., as it descends ; adding however, to distinguish 
these degrees from the others, " belom zero." You may 

I go on i n that way as far as 4 ; bat th ere you ra ust stop. 
At that point the mercury freezes. He sita down there 
oa hia. last step, and will not go any further 1 

In the same way if the thermometer is eifitifced to a 
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neat greater tlian Uiat of lioiliag water, Llie mercury will 
t'lsis liigber than the gaiTet. Sn tbc Staircase is raade to 
go up liiglicr, a.ud ulwaj'S witli steps of tlie same size, 
cmmting Irom 101 iijiwards, as far as 350 if you cliooae \ 
tut no furlJicr, observe 1 If tlie temperaLurG were raiaoJ 
bcjonJ tliat, tlio mercury would begin to boil, aud then, 
indeed, good'lijrc to atcps aud measured degrees I The gen- 
tleman woald danco so fast iliat there wwuld bo no possi- 
bility of Bceitiganytliiug, to snj no thing of hia flying away! 

Now nothing ig easier tlian to vsc t!ie tliermomoter. 
You place it In the situation where you want to measiiro 
th'G heat, and the mercury goeg up or down of itself until 
it reaches tlie degree wliicli corrGaponda wl(,li the tcm- 
porature of tlio place. It is much more convenient than 
your mamma's yard measure, whlcli haa to bo moved 
alwut over the stuff, and which la very apt to slip if you 
do not hold it carcfiiliy. Dircasmakers would be de- 
lighted to bave a measure wliicli only wanted laying 
upon the material, and which would unroll itself and 
Btop short Just at the proper point. Aud thia kind of 
office t!io thormometur really performs. 

Wo will suppose to-day to be tho 30th of November. 
I have jast carried the tlicrmomctcr out of doors ; the 
mercury baa fixed itaclf at tliC second degree lehw zero. 
Thia tells me that it is freezing cold. My fingora have 
told me 80 already ; but exactly to what exteut thoy 
eould not say.. Just now in the room, the morcary was 
at tlie 15th degree ahove zero, thanks lo the atove in 
which wo have a good fire. In summer-time it rises to 
25, 26, or 2S degrees. I once saw it climb as high aa 
33 deg:recd : in the shade of course, you unilcrstand ; in 
tlie sun it would have been quite another affair. Weill 
there waa a uaiveraal outcry again&t tho heat. Grown- 
np young ladies whom I try to teach all Borta of thinga 
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you, pretettded tliat it was impoRsilile to work. 
, Yet I should liud a. still greater heat inside my body, if 
could get tiie tbermomctor there. Have no fears, tow- 
[ever ; I am not going to make a hole in it : luckily thoro 
r. is one already. I put tho tail of mercury into my mouth. 
And now I can almost tell without lookiug. The jnci'- 
cury was on its waynp the staircase as soon 03 I took the 
ball in my hand — and now it lia3 readied tlic 37th step. 
^P You can try the esperimcnt on youi'self, but I foie- 
warn you Lliat it ouglit to be rather hotter with you than 

•■witli mc ; the mercury will jjrobably rise a. degree higher. 
t will not promise that in your grandpapa'ci mouth it 
may not sink a degree — but that will be all. In difFcr- 
ont mouths it Las, between the 3Sth and 36th dcgreCj 
jomfor theplay of a little variation, but it caa no mora 
Eyoud these tlian a tethered cow can got beyond the 
le made by her cord as she turna round the stake, 
lo round the world with your thermometer, pop it into 
CTcrybody'a moutU, wiping it if you choose as you pro- 

■cccd, you will always find the mercury on guard. Its 
tethering cord is somewhat elastic, like everytbing else 
about us ; but if by any accident it Bhould exceed its 

•limit by even one degree above or below, it would bo 
quite as extraordinary as meeting a giant of ciglit feet, 
or a dwarf of three— which one does see occasionally, 

■ although the standard of human height varies generally 
round the centra of five feet. 

Since there ig a -fire always kept burning within us, 
Ihero is no difficulty in comprehoodiug why our boditsi 
always keep warm. Of course, however, the fire must 
be kept brighter iu winter than in summer, but people 
bave no need to be told so* Nature provides for the ne- 
^bceEsity. She gives us more appetite in cold than in hot 
weather} uotthatwe can perceive much diffcreucQ in 
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ooraclvea iii tlils respect fram winter to aiimm'er ; for mr 
bodies fitick to their accustoined babiis, ami call out 
pretty loudly for the same daily rationg, though Tritliout 
LsiTJBg t!io same need of them. In order to estimate 
fairly tlio connexion wLlch exists beiwoen the iiLteraal 
need of food — /. e,, of combustible matter — and tlie ex- 
ternal temperature, we nrnst compare the llindoOj ivJio 
lives on a pinch of rice a day, betn^ecn the tropic and 
the equator, with the Esquioiaox, wlio, to keep up hia 37 
deuces of ticflt, beyond tlic polar circle, in a country 
whcro European trJivellorg have seen mercury fi-cczo, 
BometiiHcs swallowa from ten. to fifteen pints of wlialenai] 
nt a Kitting 1 Just fancy whah-oil! whicli ta much nastier 
than even cod-liver oil, if you ever tasted that ; lint, on tbe 
other hand, it is a thorongli combustible, and the poor 
people are not so Tcry particular : come whet -will, tho 
fire must lio kept up, and that briskly,. But without 
going thus into extremes, a. friend of mine OUCC told mo 
that in Portugal, tlic land of oranges, it m not uncommon 
to BCO gcntlem.eu and ladies (that is to say, tliogo wlio 
can eat and drink what they please) dine sstanding, in 
five uiinutcs, on a bit of bread and whatever elsu mayb€ 
handy. Propose this system to tbe inhabitants of our 
colder and damper climate, whose very young ladies, fair 
and delicate-looking aa thoy are, need a. helping of good 
roast-beef for dimier to keep life in them, aud they 
would only laugii at you. But tliose who were well in- 
struoted could go on to inform yon that the chilly at- 
mosphere of northern countries creates the neceasity for 
a more active internal fira than is ever needed under the 
burning sun of Portugal, and that a mouthful of bread 
per day will not, in tticir case, buEcb to maintain thfl 
appointed thirty-sevea degrees of heat. 
For the same reaeob, Siiauiards drink water, and ma 
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satisfied ; wheroas EBj^lifih wiue-mcrchaiifs aSi] brandy 

tto a good many foreign wines, or they would be quita 
ouQCceptaole from being deficient in combustible. It ia 
for tlie pame reason, also, tliat Eussiaa^ cfLn swallow, 
• without wineingi bumpers of brandy which would kill a 
Pi'ovonpal outright: and that the SwedisU Goverament 
lias no cmi of trouble to liC&p the country people from 

tconTerting into brandy tlie corn that ought to go to tlis 
miller ; wLilfit the Mohammedan Arabs accept without 
difficulty that precept of tiie Koran whidi forbids tlio 
use of wiaO and spirituOiia liquors. It ia CaSy for the 
B Arabs, ■wh& axe kept warm by their climate, to do with- 
out brtiDdy, It 13 less easy for the Swedesj who we 
' surrouadod by cold. 

H All this comes as a matter of course, and we do Hie 
same thing ourselvGs, mthont beiug unusually sag'acious. 

»In January, when the tlLcruiouieter g^ocs down to twclro 
or fifteen degrees below zero, I put raoro facl into my 
bIotc than I am doing to-day, with only two dcgrceg of 
^ cold to bear with. There is nothing sui-prising in all this. 
B The wonderful thing is, that when an Englishman 
goes to India, he tate3 hia roast beef and bis spirila 

■ with him, and in a temperature of more than thirty de- 
grees of heat, quietly heaps np fuel in Ida stove, jmt as 
if he was in England, or nearly so. You think he will 

I set lire to the Kousb, perhaps. But no. Send the tlicr- 
mometer to hm moath for informaiion, and it will only 
mark down thirty-scvGO degrees ; neither more nor legs 
than in tho moutli of a rice-oaterl The stove has more 
sense than its owner. It only bania juat what liydrogen 
and earbon it wants, and takes no more tronblo abottt 
the i-emaindor than if it had not been eaten. 

How about the remainder, then ? yon ask ; if it ia not 
\ consaracd for ii^c, what bocomcd of it ? Do yoii lemem- 
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bor, my dear cliild, that long ago, after explaining tbo 
cilice of the biic and the Uvcr. I put off telling you wliat 
iho bile coiiaiskd of, until wc had talked about the lungs 
and respiration. ? Well, the time has eome now ; 50 listou 

The hydrogen end earboa wliicU i3 not consumed h; 
the oxygon in the blood, ie seized upon by the liver, w! 
employs it in the manufacture of bile. Tliereforo the 
greater tlic amount of unemployed Lydrogen and cai-bon 
there is in the blood, tlie greater is the (jaantity of bile 
manufiictiired by the liver — that 19 all. When once tho 
body iiaa attained to its proper degree of heat, it is ia 
vain you load it with combustibles; it will not get any 
wai'mer, do what you will. Only you ivill Iiavc cut out 
BO raueli extra, work for the liver, and the poor wretch 
will havo to get through it ns ho can. Accordingly, 
what happens in llie long run to our great caters and 
drinkers, whether in India or elsewhere ? The bilo- 
manufactaror, overwhelmed with work, gets worn out 
at last, and kicks; and people como liome with that 
miserable diacaae, which is called the " liver-complaint 

TLia ia oaa explanation of that wonderful uniformity 
of temperature which, hapjMly, human imprudencG M' 
not disturb. But the blood has a second resource fof 
getting rid of its superfluity of hydrogen and carbon, 
and herein especially is displayed the beautiful foresight 
with which crcrythiiig about U3 has been preaj-rajiged. 
Wc arc told tliatwolvce, when they get liold of a larger 
piece of meat than they caro to Gat at the mom'PTit, carry 
off what they do not want to some corner and bury i 
in tho ground, wlicnce they get it again when their h 
frer rctums. Dog3 aometlraos do the same • and tho 
blood has a similar instinct. Listen attentively, for t' 
ij Tcry interistiug. 

I light a candle and you gee a bright flame, wlncti 
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^^will last as long as there ia any tallaw below the wiclc. 

I Can ynu tell me what it procoeda from? 
Nay, do not laugli at the quG3tioQ ; it is quite to the 
purpose, I asBiu'e you. 
"We know, do we not, that the Bnbstaucca which burn 
beat axe those wTiicli arc full of hydrogen and carbon ? 
Tallow, tJien, is one of those substancsR. But tell mo 
Ii'urtUer, if you pitasc, what is tallow? 
Talloir ia muUon fai, allow me to say, if yon nsTer 
heard ifc before. 
Now como3 tlie question, who proridcd the sheep's fat 
■with such a quantity of hydrogen aod carbon as to 
qualify it foi- making candles ? 
1^ The shepp'a blood undoubtedly, aince blood is tlie pur- 
^■Teyor-general of liviug bodices — of the sheep's body aa 
^^ well aa of our own. 

^^ But how came it that the sheep's blood had so large a 
^■jBtock of thc^e materials ? 

^ Undoubtedly, again, bccansc there wa& more of tlicia 

ia the food the sheep had eatca than the oxygen waa 

able to consamo or tbe liver to employ. Id abort, the 

sheep has bings and a bitc-inannfactory, as we have • 

oxygen performg the same office for it as for us. What 

takes place in its body in the inatter of respiration is an 

exact counterpart of what happens in onrs, and tlie Lia- 

^_ tory of it^ fat ia simply the history of our own. 

^P Now do you think it is for oureakes that the sheep's 

" blood deposits its fat in little jicUct-likc morsels throngh- 

out the body ; do you auppose the poor creature worka 

[m tliia manner merely to have the honor of providing ua 

with candles? It is not likely. I was talking about 

^tUe wolf jmt now ; but there is no need to look beyond 

leWca. In many poor pcoplo's cot lasea there isBome 

where au old earthen pot in which the Baviagu of eaol 
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day &re carcrully put by, penuy by penny, aa a last re- 
source m time of need. Siiould a wicked thief enccccd 
in murdering tiie owner and laying hold of tlie treasure, 
he will squander in a few hours of Ijrilliant revelry the 
prociouB board ao slowly got together as a- provision fc 
poBsibla needs. And this ia what man does, wliou 
kills the sheep and takes it*i fat to nlhkecaQdles ofl The' 
poor animal's blood know well that bad times might 
come, that grass might fail, and the combustible matter 
convcyod into the body become inaufficient to maimtaii 
its thii'ty-niiio or forty degrees of heat (which is tin 
aheep'd mcasora, wlio is la-ther hotter than we arc), 
it quietly laid up ita sui-plua stock of combustible ao' 
conveniently Iwought to band, and destined to bo burnt 
little by little in the depths of the organs, should timei 
of ecarcLty arise. But hero steps in man, the iiniverss 
thief of Nature, and turns it into a beautiful Ilarae, re 
gardless of cost, and burns in one evening what his vie 
tira had been ccouotaizing for so long. To bum for 
burning's sake, Eiowcvcr, has always been the fate of 
tallow, the only difference being ia the way it is done. 
Like the poor man's clumgy pence, which were put by 
bo spent some day or other, only in another manner. II 
is worth noting hero, that some of the Russian soldiei 
who were in France in 1815 had a very good idea of re 
storing candles to their origiaal destiny. Aa childrc 
of the north, driven to get fire wherever they coold, 
they ate all the candle-ends they could lay hold of, pre- 
ferring to burn the tallow, sheep's fashion, inside rather, 
than out I 

!Pat 19, then, the savings' bank of the blood :; there it 
deposits its savings, and there it can always find them, 
again In time of need. Witness the fat pig describee 
by Liebig, tiie great German chemist, which having bee 
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swallowed up \>j a landslip, was found alive at tlie end 
of 160 days. Fat was out of tlio qucstioii there, of 
course • the animal weiglicd ten stone Icaa than before. 

iWc ■will take the illnstrioua professor'a word on trusty 
but were a few days Biibtracted irom the account the 
case would still be a splendid example of the resonrca 
wliich blood finds in fat when other nourishment fails ; 
for the pig had certainly been breatSiing during tlo 
whole 160 days, and as, in all probability, he moved 
1 about mucli slower than usual, his hydrogen and carbon 
Brc was never estinguishcd for a single in&tanfc j of that 
i[ am perfectly certain, and you shall soon know why. 
It was well lor the poor fellow Lim^olf that he had put 
by bis provisioas in time of plenty. Aud who suJfored ? 
Why, the pig's master, who had looked forward with 
I pleasni-e to the rashers of Iiaeon iie should cut by and 
''by from the stores of coinbustiblts in his larder. For 
I once Master Piggy ate hia own. bacon himself! 

You underatand now, I hope, by what ingeDioua 
management that marvellous stove, called au animal, 
never burns too much fuel, ■whatever bo the quantity it 
is sup[ilicd with, and how, on the other baud, it has 
always as much as it wants. 

f I have now to explain how important it is that it 
should always have enough, and that this is not merolj a 
qu^tion of heat and cold, as with dining-room stoves, 
bat one of life and death 1 Cheer up I I have only one 
more word to aay about Respirati^;a, and when you have 
beard it you will appreciate still better the lesson of 
sconomy which jou have learnt fr-wt X-^^e twU-y. 
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The fii-st time we talked about the Blood, ray dear 
little pnjiil, I introduced him to yoa as the steward of 
your body, and wlint a steward to bo sure ! Alwaya 
awake, a.=} yoit may remember, always in motion j his 
pockets ever full of the materials unceaaingly required 
by the indefatigable builders of that liuman edifice in 
whieli it has plcaficd God to h&uso your dear little sclL 
If yoiiwiali really to nndcratatid what foUoira now, 'wo 
mugfc carry on the giinilo a little further. 

A steward not only provides the workmen with ma^ 
terials, but gives tliem orders aa well, and this ig part, 
of the blood's husinesa also. He is not only commissary' 
general, but whipper-in of tlio wliolo household, and be- 
6idc3 tho care of giving out all tlio storca, hag the charg& 
to eee that e\^erything is properly done. The unhappy 
inea who purchase prosperity at the dreadful coat of 
maintaining slavery, pretend that their BlavoB wonld do 
no work worth looking at, were there not alwaya somo 
one behind them mth a whip in liis hand. Well, our 
organs are slaves, and slaves of the worst sort. They 
would never do anything at all, if the blood wero not 
everlastingly whipping tlicm up in his ceaselcaa rounds. 
Let him come to a stand-still for oiie minute, for a sec- 
ond even, and everytliing stops short ; tlieii we are at 
once in the castle of the Sleeping Beauty in the wood, 
a»4i 
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But pcrliapa I cannot do better than to compare our 
bodily machino to a TioUn — lo hit upon gomethmg less 
lal than slaves — a violiii witli "blood for its, bow» As 
long as tUo bow rtiQ3 over tlic Btriogs the violin makes 
mosic and lives; when the bo'wiS'topg, it is silent and 
dies. 

Yon bavo navcv yet had a fainting fit, my dear child ; 
it rarely liappens at your age. But jou may possibly 
have seen somebody faint ; or, at any rate, yon have 
licard it talked about. Do you know wLat tatea place 
in sock casci ? Now and then, ia consequence of some 
■riolcnt emotion, but how or why I cannot tell you, all 
the blood rushes Euddculy back towards the liiiart, as 
during an earthquake a river will Bometimea iow back 
towards its aouree, leaving ita bed dry. Thereupon the 
face turns white, as if to give notice that there is no 
longer anything red below the akin. The organs, no 
longer stimulated by the blood, leave off work alto- 
gether. TliQ brain goca to sleep, the muscles relax, 
eoiiscioQsnecis ceaaea, and you behold the poor body, from 
which the soul seems to have departed, give way on all 
eidc^, and fall to the ground like a corpse. This ia not 
exactly deatljf but it is yet an intcrraptioii of life. It 
would be deatii if nature did not got the upper liand 
again, and scud back the dosertGr to liis post. 

I may remark here tliat it was partly on tliis aeeount 
that some of the ancienis thouglit tljc sonl was seated 
in the blood ; not a bad idea for people who were do 
lerraincd to pronoonce where the soul was, wlien it ia bo 
easy to say one knows nothing about it. But tlioso who 
placed it in the breath, and who have bequeathed to us 
those beftutiful Qxptc&sioa.s~-y iddi?)ff iq} the last breath 
—giving vp iM gA/}»i — wore not wrong neither. 

In point of fact the blood is not the Gonl of the body , 
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io other words, doea not keep tlie body alivu, otlierwise 
ihiu) ly- kc-cping up unceasingly iiud ererywherc that^ 
ma{?ie lir* of which wo were talking last time 

The Froiieli jipoplo, in their picturcEquG langnage,'! 
have found an expression, full of energy, to express thej 
action exorcised by tUo mastep worltmaj], who knons 
Iiow to make his people work : '■ II vnii.s tiu'f h feit som ' 
h vniire.'^*' This ia, to the letter, tlio process employed 
by the blood to make tbo organs work. It makes a 
under the belly. TTnhii.ppily their work only Insta aa" 
long as the (ire which cuuses tho hoat, and which ia so 
necossiaiy to Hfo tl;at it ig Rlmost confomidod with it 
Jt L? the siiercd liro of tho Roman Vestals, which must 
bo fad night and. day inider pain of death slioidd it go , 
out. Now, if to feed the sacred fire of life, it be ne-J 
ccsaarj that tlie blood should everywhere find hydrogen 
and carbon wudhirhL-d, that is to nay, free and ready 
to unite themaelvea to oxygen, it ia no leas nece^ary 
tliat he plionhl bring osygOn with iiim evcrywhcr 
Elac there would be ao marriage, and therefore ho fire.1 
Qsygcn in, then, tho talisman wUieU brings the organs 
to obedience, Witbout oxygen ho would be a slave 
driTor without liia whip ; Lis orders would be despised. 
If the organs wore to bo deluged with venous blood- 
with tliat black blood which has lost its oxygen, thoj 
would not Btir any ■more than if they had received ac 
rancli water. Thoy acknowledge nothing bat arlerla 
blood — red blood — blood lich in oxygen. That ia what ' 
they respect, aud wliieli has authority over tliem ; the 
other 1a. a bankrupt who has lost his credit with hiB 
rasli : those whom ho fed but lately now laugh in h^| 

" LUH-'rany, he puis jlra iia^c-r Weir bdlles; but licro Hignil7iag| 
tiiat he nuLkos it bo hot tbat tlto or^aa aru compelled to contini 
lu motion, 
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face. And as oar good steward spends alibis oxjgen 
every time be goes Lis rmiiids, it would soon be over 
with liim, and, consequently, with us, too, if be bad not 
some netliod of replenislnng bis puree after ea.cb jour- 
noj. Happily tba lungs are tlio iDCsbnuatible clicst tu 
which lie always returiB to renew bis right of authority ; 
that is, bis power nf preserving life. When it comes 
to the iM sfy/', the last effort of the diapliragm by which 
the chest is closed forever, we mnst bid adieii to life. In 
yielding up Ibat, wc have in very truth yielded ujj the 
ghoat, 

This is DO .joke, as you see, and it would not do to. bo 
caught unprepared, with an Lnosorablo necessity banging 
over one, which never allows a momRDt's respite. Tho 
lilood acta like a reasonable being, tbererore, in laying 
up liis stores of combustible in reserve. Moreover, 
whether he has done so or not, the fire muat go on all 
the same; that is absolutely necessary • and if be has 
no spare fat to feed it with, when, from any cause, tho 
Btomach leaves off working, ho makes use of anything 
he can lay bis hands upon. 

I know a story on thij Bithjcct which will amuse you. 

There lived, in the roign of Francia I. of France, an 
lioneEit countryman, of Perigord, named Bernard Pallssy. 
At that time everybody eould not afford to have earth- 
enware plates, as they have now. It waa a mnnufactare 
of whicli only the Italians liad the secret, and Bernard, 
who knew something of tlie matter, from being a glsss- 
worlier, took it into bia head to try and iiiid it out 
CQtirely by himeclf. So, without a,gking anybody's ad- 
ricc, ho tuPDCd potter, built ovens, picked up wood as 
be could, matmfactured his first pots, whether well or 
|ai, made a beginning, and wasted. He had fifteen or 
Bixteen years of it before he sncceeded } fil'teea or six- 
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teen yeurs of ruinous cxpcrlmeuts, wliicb woalil Lavo 
discouraged a less sturdy heart tlian liia. But lie, after 
he had succeeded in picking up some money by his 
church mndowg, rctuiD'Cd to his worl^ with UBCOllque^ 
g,blo poraeverauce, insnnsibla to poverty, deaf to the 
ridicule of ncighborg, and nnmoved by the abiise of liis 
■wife, who was furious, aa jon may supposp, at being 
forced to play the heroine without haviug the least torn 
for it. And one fine day there was a grand uproar in 
La Oiapcllo-Birou (that was the name of hia village). 
" Bernard Paliaay haa gone mad," said everybody ; " he 
is baming up Lis house to bate hia potei." And upon 
iny word itwMtruol Wood hapi>cnod to bo waoting 
while a batch was iu the oven, and Bernard having begun 
by uaing up tiio garden palisades, took next the large 
tables, and at last the floor of the house I What Iiis 
■wife Lad to sav, I leave you to judge; as for Iiim he 
liatoncd to nothing j but, Using- hi^j eyC3 on the insati- 
able "farttace, threw in one thing after another, coring 
only for the risk to hia handiwork. The ceiling would 
havo followed the floor had not hia pots been suffi- 
ciently baked without. 

And thus, and thus, does tlic blood, when combustible 
matter fails him I He demolights the Iiouge, ami throws 
it, bit \»y bit., into the firo. The fat goes into it natu- 
rally enough, as I have already explained to you. It 
is the fuel-store of the house. It wag put by on pur- 
pose, aud may bo used np without injury. Then cornea 
the tuTQ of the muscles; more useful without being in- 
diBponsablc. TJiose are Bernard Palissy's paliaadea 
one may contrive to do without them. They melt away, 
80 lo spcnk, after a few days' faat, and you find yourself 
what people call "nothing but skin and bone," But 
then, if this condition is prolonged, and the eslianatod 
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flesh cannot supply the domand, the blood do^ not hesi- 
tate a moment. He boldly falls upon the most impor- 
tant organs, without stopping to consider ; he, too, is 
devoted solely to his work, and that, like the baking of 
pots, never comes to an end by being completed ; if ex- 
ternal help does not arrive in time, the house soon be- 
comes nninhabitable, and life slifs away. ■ The man dies 
of banger. 

But in the same way that poor Bernard Palissy was 
in reality working, all the time, for bis wife and children, 
whose future well-being he strove for as the final end of 
all his efibrts, though at the risk of letting them sleep 
ander the bare heavens j so the blood was laboring up 
to the last moment for that very life which ho at last 
tamed oat of doors ; and the work of destruction which 
caused its final departure has had in reality the efioct 
of prolonging its stay. Without it, all would have been 
over long before. 
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Thcs mncb is settled, then. It h the blood wliicli sctg 
cvepything io motion throughout the body. The organs 
are idlers who wauld do nothing but for liim ; they only 
work when goaded on, if I may use the csprcssion, by 
that fire — 'alwaya on the point of going' out — wliich be 
ia perpetually coming back to Tftindle, tlianlia to the 
osygcD he camea with bim from the lunga. 

This win enable me to explain many things, wliicli, 
althoagli not new to yon, you have probably never tried 
to accoant for before. 

To begin with : do you remember what happened to 
you the other day, when you tiled to overtake your mis- 
chievoua brother in running-, and he, taking advantage 
of his achool-boy legs, led you mercilessly through all 
the garden walks, without Laving the grace even to let 
you catch him at the end ? You were qnito out of breath ; 
your heart beat SO rapidly it almost hurt you ; and yon 
were 30 hot tlint the perspiration poured in. great drops 
down your face, eo that your mamma, quite frightened, 
tooTc you up in Iier arms and carried you to the fire ; for 
the coolness of evening wns coming on, and a littlo girl 
drenched with perspiiation is so:)u cliillcd. 

Tell nie now, what connection was therebetween yoor 
overrunning yourself in a race and the extraordinary 
degree of heat which came over you so Boon? Your 
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elicebg wore cool and fpoali wlion yon began to i-im ; 
wliat made tlimiL bo red. aU at once, and cspoeiaily at a 
raoinent when the air was cool and fresh in tlic gardca ? 
You open your cjcs in surprise ; you had aever 
(bought of this. No I t.liat ia just the way wltli little 
girls. They run ; they get hot ; it Beents as natural as 
'warming ouesclf in tliC sun, and they neTfir aek why it 
is 30. 

Yet you could almost tell me iiie " why " yourself, if 
you stopped to tTiinlc about it, now tiiat j&uaro wliat 
your school-boy brother would say " tij? Co a thing or 
two ,'" but to save time, I will help yon. 

Ton run as a bird flics, without tljinlting ahout it. 
Never til olcss, if yon couid see with a magic glass all 
that takes place in your hody while those active little 
feet are carrying it lilie a feather across the gardeoj yon 
would be perfectly amazed. One of these days^ when 
wo hare finished ow present history, I will tell you that 
other one, which ia equally worth the trouble. It is 
enough for the present to linoWj that a very complicated 
pieco of work is being carried on there, in which almost 
nil thomHsclesof the body take part at the same time, 
cnntractiuij and relaxing in turn, like so many springa, 
of which each either drives forward or holds back a 
part of tli'j machine. In fiict, while your eyes and 
tlioughtd arc fixed on the butterily which is flitting away 
from yon. through the air, there is going od within you 
Bucli an unheard-of outlay of cfforta 09 could never be 
got out of our idlers if the lerrihio steward did not 
tash them severely. 

'Sow, hh lash, as wo have said often enough, ia that 

eternal tire, the materials of wliich he conveys to all 

I parts of the body. On tho&e special occasionSf therefore, 

i lie is obliged to make his fire burn much moro brinkly 

9* 
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tlian nsmil — i^xactly like railway engitie-drircrs, n-lnj 
increase the boat of their fire to get up stoam in propor 
lion to tlie speed they wisli to go. 

Fmin tilts you -will underatanil that it is no great won- 
[Ser that your eiimll frame Bhoiild get heated from sucli 
work aa racing und chaaing ; and that if you pursue i' 
too long, thii perspiration which comes out all over yoo 
is sufiBciently csjilaintd. 

Thia ia not all, boweTer. The fire, whose etrengtl 
has to 1)0 incrcosctl, naturally requires a larger amount' 
of combuBtible matter than before, and forasmuch 
thero is only a certain fixed quantity in each drop of 
blood, whonorer the muscles want more than usual, the 
blood itself uiust flow to tliem in greater abundance. 
Now if it were a question of supplying only one part 
of the body (as it ia, you may remember, of snpplyiDg 
the BtoQtach duriiig the progres of digestion), ho might 
contrive to accomplfeh his task there by ncglectin"; it 
elaowhere, aud overflow one organ at liis eaao, at th 
espcnac of all the teat. But in thia case ho ia wanteJ 
everywhere in tlie same abundance. It ia not a question 
of taking one muscle's gharo for the benefit of another. 
From one end of the body to the other, all want to be 
deluged at once. And rememtor that these esigencica.! 
do not bring a drop more l)lood into the body. How 
in he to get out of Ida difficulty then, thia overwhelmed 
steward of oura ? Well 1 juet aa your mamma managca, 
my dear, when there is mftrc to do than usual in the 
house ; — by running qnicltor than ever from the cellar 
to the garret, and from your room to your papa's I That 
is called doubling ouosotf; and thja gallant blood doubloa, 
itself to some purpose. He runs and runs and runs, ar 
rivea in hurried streams, and rotuTTis full gallop, parsing 
and repasaing tluough the heart, which empties and fills 
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itself in sudden jorks. UnlucStily,, tlifl [>oor heart is a deli- 
cate sort of person, who docs hoc like having bi3 liablta 
disarrauged, and tWj iorced work soon makes him desper- 
ate. The other day, in hid despair, lie knocked "with all 
his strength against the walls of kis little chamber, to 
warn Lis yonug miatresa that he coidd bear no more, 
and that Uiey were botli of them in danger. In fact, you 
ought to know that if one was infatuated enough to go 
on running too lon^, one might die of it. When you 
learn ancient history, you wiil probably ho told of what 
happened to the so-lOicr of Marathon, who flew like an 
arrow irom the field of battle to the gates of Athens, 
tkat ke migkt tell hig fellow-citizens a quarter of an lioiir 
earlier, that his country was eaved ; and he fell dead on 
Ilia arriTal. 

But it is not the keart only which euiFera by this mad 
career of the blood. During each journey it performa 
it passes throug-h the lunga, which in their turn are forc- 
ftd to play with hasty jerks. And this is well for om 
good steward ; for the tungs, lilliug with air at each 
descent of the diaphragm (if you remember what wo 
have said before), more air, and conaequently more oxy- 
gen, comes in, and llie blood has by this means a larger 
etock on hand, ready to help him ont in the unusual 
waste which u just then going on in the muscles. I 
Bpokc just now of railway steam-enginca. See how self- 
aupporting oura ial The greater tho amount of fira 
wanted, tlic faster the blood flows ; and the faater tho 
blood flows, the oftener doea the eoffer rc-fiU itself, whence 
corned the supply of oxygen requisite for keeping np tho 
fire. All this goca on at once, by one impulse, and tha 
balaneo between the receipts and expccdituro settles it 
self 01' its own accord. How thankful many families 
would be if their money-chest would but fill itself in tktf 
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Baine way — in exact proportion as they spend the 
caBb! TLere la only one sligbt di-awbaijk, whicli ist 
that the dtaphragtn gets tired with tlie unaccustoaied 
gullop it is tbu3 forced into. It falls into convulsions, 
therefore, like its neigiibor tlie heart, and the breathing 
is stopped, from haying been driven too rapidly. An i 
excellent example for people who want to spend too 
much Jit oacc ; Bhowlng that Nature herself ci-iog out 
againat it, even wien the only thing wautcd is atn.os- > 
pbcric air. 

Now, run if yon dare ! Anii, lo tfll you the truth, ' 
t would be D. great pity if you did not dare j for oni 
good God has made Httlo children for running. They 
liavo nimbler blood than we older grandfathers, more 
elastic icuga, and conacquently more oxygen to spend at 
a time. But you luitst confeda that it ia a great pity we 
Bhould run all our lives aa many people do, without 
'having the slightest idea of these admirable contrivancea, 
thanks to whieli wg arc enabled to do it. Wo can rmi 
all the Bume, it ia true, without the knowledge, the little 
child as easily as the little roebacti, which sets a similar 
machine in motion. But it is no use liilking about the 
little roebuck ; it cannot learn what God has done for 
it, but the little child can, if lie will. 

Furthermore, tlicro is nothing to be really alarmed 
about, for those great comraotions ouly occur when wo 
have eommittcd excess ; and it ia a very good thin^, in 
a general way, foe the blood to give ug a stroke of his 
lash from time to tirac. I told yoa lately that the fire 
wbicb Bcts the organs to work ia life ; and it is no mis- , 
fortune to be a little more alive than usual. Besides 
wiiieh, thl3 increased activity of the internal fire docs 
not servo us in nmaing only. Every time that n man 
makes an effort ; every time he lifta fl veigbt, or baadlM 
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ool, tlie blood riLslira forTvard to delngc tlic mnsclea 
' tiiat are thus called into play ; tlio heart beata moro 

■ quickly, nnd tlie air streama in gi'catcr abundacce into 
I the lungs. Look at a man chopping wooJ. If tlifj log 

resists too much, if for a minute or two tlio man has to 

BBtriko blow after blow without stopping, you will soon 

~ see bim pantino; for bre:itlt, jiist ns if lie hact been run- 

^ BiQg a race. On the other hand, ho will have gained 

Bfiomething from cliopping his log besides the right of 

"warming: liimself before it at the fire. Blood does not 

carry tire only ioto thcmusclca; he Supplies them with 

nourisluiiCBt also, docs lie not? Every drop of blood 

deposits its Mttic offering as it goeg by, and consequently 

the greater the number that pas3 along, the richer is tbe 

harvest for the mnselo. Look, accordingly, at the la- 

IlDoring classes. How much healthier and stronger tbey 
are than those wlio do not work ! I spoak, of course, 
of wortiug with one's limbs generally; for thoae poor 
girls who work from morning to night, sitting on their 

» chairs, arc none the belter for it, but, on the contrary, 
■worse. There arc also certain worthy felloM'3 wbo, 
like my3elf at t!ie present moment, drive a pen over 
^ eheeta of paper for half a day at a time, whose musclea 
B never get any biggtsr for it, that is quite clear. Morw- 
over, one condition, has to be fiilfillc(3, which unhappily 
—^ is not always done. The more people labor, the more 

■ they ought to eat. To you, who have just been look- 
Bing at the drama that is performed in tlio body every 
Ip timo a maacle is set in motion, this is obvious enough. 

There is no fire without smoke, saya the proverb. It 
would have been much bolter to liave said, — there is 
no fire without fuel ; — and the fuel for our Dre is, as 
TOO know, what we eat. Try if you can get one stove 
bom more brightly than another if yon have put leas 
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fiiel into it. Yet, ahis I tiiis is what maoy poor T?retc1ii> 
are obliged to do but too ofton ; and then the bioo(3, in- 
etcad of feeding their muscles, consumej thcin, for Iho 
reasons I gave, in telling yon the story of Bernaid Pal' 
issy. Think of tliis, oh iny dear child, when you arc 
grown up, and ncFCr grndgc those who work for yon 
their proper share of food. 

Here I see many otter Icesjoii^ crowding up, out 
what you hare just Icamt. 

And first Nature herself, taken as you find her, shows 
you that manual labor is, for us, a most bcoejicial con* 
(lition of esiatonee ; that it brings about a re-doubling 
an exaltation of life ; and that consequently, wc hnve m 
^ecd to look down tipon those who gain tlic-ir breai 

we word it, by tho sweat of their brows. I tol 
'yon this before, in speaking of the hand, which 13 of sc 
niitch more usa to those peoplo than to you ; and I re- 
peat it now for another reason, yiz. : becanae labor 
olcvatos him who nndcrtakesit, and createg a real physi- 
eai nobility. Barbarians in old tinien, who knewiiothiH 
noble nor grand but war, despised labor, and left it 
thoir slaves ; so much so, that the name servile lahor, 
i.e. thn labor of slaves, has stuck to it in some places 
As for war, the lot of tho aociout nobility, lacarcely d 
to say much against it, hoivcver mnc!i T should, like to 
do 80 on some acconnta. For, after all, bo long as there 
are ruffians to trample on the weak, one is only too gla 
to find bravo men ready to risk their lives in keeping 
such rascals down : EO long aa there ore wolves, w 
must needs keep shepherds' dogs. But in epite of eve: 
thing, the best that can be said m favor of war is, tha 
It remains a sad but inevitable neccesity, and that to ge 
i-id of it, more ia wanting than the wish. What a eo 
traat to labor — that conteat of Man with Nature ; — that 
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merciful and froiLful war, whore vietorira are not eati- 
raated like other vietories, by the number of the slaiu , 
but which, on the contrary, scatters fresli life around it 
as it spreads ; freslt life in the laborer LimseLf, "hj the 
very act of work, iresh life around him -without, hy tiie 
IriutB that work produces 1 

Betwceii the laan who dies in slaying others, and tlie 
man who koepa othei-s alire bj liriDg longer Lsmscif 
it eeoms cruel to make invidioua compariaoiia ; liat if it 
bo just to honor the first out of respaet for the cause 
liG has defended, whenever that cause is respectable — it 
is, to say the least of it, not less just to do equal houor 
to the second. 

But kt 113 come down from these philosophic hcighfe, 
and return to you, dear child ; to yon, who have nothing' 
to do mtli war, itstodssacrcs or its laurels. 

It is true, however, that you have aothing to do either, 
willi chopping wood, and I am not asking you to un- 
dertake any suck thing. But in the life of a woman, iromj 
tlic time of her childhood upwards, a thousand things' 
arise for the hands to do, and the question is, how often 
you are likely to feci asliamed of not sending for the 
aervanis tn do them? Avoid t1ii.-^ falsa and fatal idea 
03 much as possible. The work of the hands dishon- 
ors no one; it ia honoral>!<:. To cast it aside alto- 
gether is to make yourself smaller inslead of greater ; 
to deprive yoorgolf of oue of the glories and the joya 
of life. If a good thing is set before yOM at dinner, 
do you send fur the servanta to cat it? If an occasion 
arises for making the Mood circulate more rapidly in 
your veins, and of inn-eafling the atrecigth and life witli. 
in jon into the bargain, why mako t/tem a present ol 
it? Ebpecially when it cannot be aa agj-eesblopiesent 
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considering that good servants have plenty of such op 
liorlunirica from morning to oigiit every day. 

Tlicpc was OBco upon a time a Fersjaa prince staying 
ill Parij^, wlio was taken to a very rasbionable ball, that 
liG might see a Bpocimeii of Euvoppun civilization. I 
iim not talking aljout a prince in tho " Arabian Nights ; '*! 
mine lived, I beliove, in the time of Louis Philippe. The 
beautil'ul dancers ivlieeled round, tlicir eyes brilliant with 
plofisnre, in tlo arms of elegant cayaliera ; one wontd 
have eaid tliat tho whole of this airy troop, awayingj 
to and fro la tiiric to tlie lively flourisheg of Uig music^ 
was animated by one aonil ; everything seomed full of] 
joy in til at large and Bplendldly lit hall, and mothers 
secretly envied their daughters as they passed and re- 
passed before tlicra. Our oriental alone Bcatmed with 
a disdiiinfid eye this youthful onjoymeat, 

Wbcu it was ended,—" How ia tSiis ? " said he to liia 
conductor ; " did you not ta|l mo that I was to &ee hCTOl 
tho most dislinguialicl families of Paria ? " 

" CcrtaiQly," replied the other ; "among those young 
ladies who wero just now dancing before you, there we 
at least twenty of tiic grandest heiresses of France." 

" Youug ladies who dance 1 Come, come I In rnyj 
country wc have dancers, but they are paid for it. Oiirl 
wives are never permitted to danco themselves. Thatii] 
all very well for the common people I " 

Eeaenibor, wben needful, tho contempt of this Persian | 
prince, my dear child ; and let me beg of you, work for 
yourself. The dance of labor is worth quite as much 
as tliat of tho ball-roora, wlien you give your heart 
it. It is even worth more, Tcry often ; aud nest fimo' 
I will tell you why. 
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Wb ara fj'oing to make acquaintance to-day with a 
flew personage, who well descrvea our attention. It ia 
the child of osygen and carbon,* though not ia the aame 
way thatyoTi are tlie child of your parents, 

To tell you Low it is made is mora than I am ahle. 
It ia a gas-, or if you Hkc the word better, it is an air ; for 
■when we say "gas," we mean "air ;" only it is always 
a different sort of air from the air of tha atmosphere, 
which learned people are not in the habit of calling yas. 
I cannot, therefore, show you carlonia acid itself, for it 
cannot be seen any n:ioi-c than, tiic air vhieh fills ao 
empty glas. But I can tell yoa where there 13 Bome, 
and you even probably know it by its effects, although 
yon have ncyer heard its uame. 

Do you remember, on your aant'e wedding-day, tlial 
there was a sparkliag wine called champagne, at tlie 
grand breakfast? You emilc, so I conclude somebody 
gave you a little to taste ; and if so, you will remembcp 
how sharp it fclt to your tongue. Do y-ou remember, 
too, how the cort flew out when they were openinu; the 
bottle, and how the noise of the "popl" etartled more 
liUle girls than one? It wag earlionie acui which sent 
tho cork flying in that wild way f the carbonic acid whicli 

* This ie tic Dom^ leAmc4 uea lutve gircn to Chftreoal, 
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was imprisoned In the bottle, in defi^jerately cloae qnai 
ters witk tlie ■wine, and which accordingly flew out, like 
a regular gobliti, tlio moment the iron wire which held 
down the cork was removed. What sparkled in tho 
glass, making that pr-otty white froth which phizzcdBO 
gently, as if invitinj^ yoa to drink, was the carbonic acid 
in the -wine, making its cscapo io tliousands of tinj bab- 
bles. What felt so sharp to your toug;ne was tbe same 
carbonic acid, in its quality of acidity, far thence it has ita 
name ; the word acid being borrowed irom a Latin word 
eiguLfying the sharp pungent taste, almost finc-poinied 
aa it were, peculiar to all substances which we call ocr'tfe, 

It 13 carbonic acid also which causes the froth in beei 
and in. new wine when bottled. It is he who makes Boda- 
waler sparkle and sting the tongne, and ginger-beer the 
same, if you happen to liico it ; and eo far you have no 
particular reason for thinking ill of him. But beware. 
It ia with him aa with a good many others who have 
sparkling Bpirita, who make conversation effervesce with 
gayety, and who arc very seductive in aocicfy when you 
have nothing clao to do but to laugh over your glasa, 
but whose aoclety ia fatal to the soul which delivore itself 
up to them. This charming carbonic acid ia a mortal 
poison to any one who allows it to get into liia lungg. 

You remember what a violent headache your servant 
suffered from the other day after ironing all those clothes 
yon had in the wash? She owed tliat headache entirely 
to thU work which she did for you. Slio had remained 
too long standing Over tho coals over which hor flat-ironfl 
were being heated. You Imow already tliat when char 
coal burns, it u from the earbon uniting with tho oxygen 
of the air ; from this union proceeds that mischievona 
child, carbonic acid gas, in torrents, and the poor gu-l 
was ill, becanso she had breathed more of this than wan 
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good for her health. Observo well, thai (lie room-door 
was open to let in the fi-esh air, and that there wa,3 a 
chimney, to allow the carbonic acid to escape. It vraa 
on this account that ehe j^ot off Tvitli oaly a lieadachc. 
Uiiliappily, there liave sometinitis boon niLseraWc people 
who, weary of life, and knowing this, but aot knowing 
or thinlclng about Ihe God who overndos cvory sorrow 
for good, have shut themselves np in a room with a bra 
zicr of burning' charcoal, after taking ilie fatal precau- 
tion of stopping up every opening by wliidi air could 
poEsibly get in ; and when at last, in such a case, uueaay 
friends have forced open the wcU-closed door, they hart- 
fonnd Tiothiog within bnt a corpse. Then, too, there arr 
those frightful accidents of which we hear so often, of 
workmen groping their way down into long disused wella, 
who liaTG died as they reached the bottom ; or of suddes 
deaths in eoal-pits. In general these hara boon owinj 
to the poor ■victims encountering the long pent-up car 
bonic acid gas, whose poisonous breath blasted and do 
etroycd them at once. 

You may well ask why I am telling yoa such Lorriblfl 
stories, and what I am coming to with my carbonic acid 7 
But you have more to do with it than you think, dear 
child. Ton, and I, and CTcrybody we meet, nay, and thfl 
very animals themselves, aince their machines are of the 
sama sort as oui-3, arc all little manufactories of carbonic 
acid. The thing is quite clear. Since there is a. char 
coal fire lit in every part of oar body, there always 
arises Irom the unioQ of the oxygen brought by the blood 
with tbo carbon it moeta in oar organs, that mischievoui 
child we have been talking about ; and our throat is th< 
chimney by which lie geis away. He would kill us out 
right were he to atop in the house. 

This 19 how it cornea about: In proportion aa ttfl 
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blooj loses it3 osrgcn, it picks up in. excbangc the ca.r- 
botiic acid proiliiccd by combustion, so that it Is quite 
loaded Willi it "by the time it returns to the lun^. TIi«tg 
it takes in a freali Bup]>ly of oxygen, and diacbargGg at 
tlie same time ltd overplus of carbonic aciJ, which is 
driven out of the body by ttic contpactioas of the chcBt, 
pell-mell witli the air which liaa just been made use of 
Id breathing. You arc aware that this air is not tie 
eame at its exit as at its entrance to the body, and that 
if yoL try and breathe it over again it will no longer Lc 
of the Bume use to you. That is because it has lost part^ 
of its oxygen and brings back to you tho carbonic aci^ 
which it had just carried off. If you take it ia a third" 
time, it will ho still worse for you ; anil in case yon 
slionlil continue to persists — the oxygen always diminish- 
ing', and the carltonic acid always increasing in quantity 
— tho air which was at Qrat the means of your life will 
a.t last become the cause of your death. Try, as an ex-J 
pcriment, to aliut youraelf up in a small trunk, where no 
fresh air can get in ; Or evcn in a narrow cloaelj-shutj 
cloaot, and you will soon toll me strange ncwa. Then 
will b3 no oecnsioa to light a charcoal fire for you in 
there. Enough is Icept burning in your own little a tove^ 
and you will poison yourself. 

Yon gcc now that the dreadful stories I was telling a" 
short time ago hare aomething to do with you, and (Eiat, 
it ig a good thing to bo warned beforehand. And noi 
tell rar, when a hundred people — or I ought to say. a 
hundred manufactorieH of carbonic acid — are crowded 
together for a whole evening, aoraeLimeg for a wholei 
night, in a spacG just hig cuougli to allow them to gn it 
and coma out ; tell mo, I say, if that is a sort of thing 
which can be beueficial to the health of little girls wliose 
blood flows so fast, and who require so much oxygen ; 
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ntm whothor, on the contrary, it is not one'a dutj to keep 

Ptliem awaj" from sucL Bccned ? 
Tlicrc may be amuaemcut tbcre, I know ; but the beet 
plcaaureo are those for whicli one does not pay too denrly. 
I Iiavc seen Ihc TCry vrax Hglitg faint and turn pale all 
at once, in the verymiibtof tlioso murderoitg aasGmblira. 

ttLs if to warn llie imprudent guests that there was only 
jiisl time to open the windows. 
And tliis reminds mo of a point I had nearly foi'gol- 
ten. TVas-ciuidlc3 are like ourselves. In order to Imrn, 

• they must liaye oxygen, ac^l, like ua, tliey are Cstin- 
giiiBheil by carbonic acid. But like us also— and iudeed 
to a greater client, beeausG they con3umc much inoi-e 
^ charcoal at once — tlicy manufacture carbonic acid. 
H Hence that very illnoiinalion which affords the company 

■ so much pioasure anil pride is plainly an additional cause 
H of danger. Eacli of those wax-lights which is spread 

■ around with such a prodigal iiand, the only fear being 

■ that there may not be enough of llicm, is a luinsiy iu- 
"trader employed in devouring with all liis might Llie 

scanty amount of oxygen provided for the consumption 

Iof tliO gUC3L'5. 
From each of those clieerful flames— the auna, aa it 
were, of tlie festive assembly — -s-liools out a strong jet of 
carbonic acid, contributing by bo much to swell out the 
already formidable streams of poisoned gaif, eshaled to 
the utmost extent by the dancers. And wait — there ia 
Blill somelhing else I was forgetting. You dance. And 

»I told yoa loat lime at what cost you have to daneo. 
You have to make tlie fire burn much quicker than xrsual, 
tlmt is, to consume a groat d&al more oxygen at once, 
and so you double and treble the activity of the carbonic 
acid manufactnro : and this just at tlie moment when it 
would bo so convenient that it should go cm as slowly 
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aa possible ! After this, you uccd not be surpriacii tbut , 
(leoplo should look fagged and exhausted nest raormng.' 
WliQit astonisliea me ia that thej are not obliged to lis 
iQ bed altogether, after treating their poor lungs to s«e!i 
an eatcptjxinmeat. And even if you have spared youi 
legs, you are not much bettor off, aa you are sure to finJ 1 
out in time, especially if the thing ia repeated too often. 

Wheal told you just now tUat the dance of labor waa 
worth as much ag the dance of the ball-room, was I right 
or wiorig? What do you eay yourself? 

I couLd repeat the same ol" theatres — places of enter* 
taiiimcat specially adapted for impoverish ing the blood,] 
aad ruining the health of tho happy mortals who 
there, evening after evening, to porchaae at the door the 
right of filling their luags with coxbonic acid, not 
Bpeak of other poL^ons. You most see clearly that such 
places aa thoae are not iit for little lungs as dainty. 
youra ; and this may help yon to submit with a gc 
grace when you pco people going; there without you. 
Gro\vTi-up people escape moreover, because the luimau 
macUtne posscssca a atrango elasticity, which enables it 
to accorawodate itself — one scarcely knows how — to the 
eomctitaea very critical positions in which its lordg andj 
masters place itwitliout a thought. IJat to do this, it ia 
well that it should bo thoroughly formed and cstab-l 
lished ; for you run a risk of injui'ing it for over, if yoa 
misuse it too early ia life. Tell this to your dear school- 
boy brother, when he wants to smoke his cigar like a 
man. K his longs coold epeak, they would caU out to 
him that it was very hard upon tliem, at their age, to bo 
SO treated, and that he ought at any rate to vait till 
they had passed their esainiaations ! 

But I muat not get into a dispute with so importar 
an individual, by throwing stones into a garden which 
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ifl not uu3er my care. For you, my dear cliild, the 
moral of this day's lesson — which to my mind is much 
more alarming than a hobgoblin tale, since it concerns 
the realities of every-day life — is clear ; and it is this : 
Seek your amusements a? far as possible in the fresh 
air. In the summer, when the lamp is lit, bid your 
mamma a sweet good-night, and go to bed. In the win- 
ter do not wait till there is a great quantity of carbonic 
acid in the room where the grown-up people are sitting, 
before you retire to your own like a reasonable girl, 
anxious not to do mischief to that valuable and inde- 
fatigable ser\-ant, the poor blood ! Not to mention that 
if she were to injure him too much, she would have to 
bear his grumbling for the rest of her life. We cannot 
change hint as we change other sorvante. 
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Wb hare spent a very long time, my dear chile 
over tlie little fi.re, whicli goes on biirnirg gecretl7ir 
evavy one of m, quiiitly ilovotiring wbat little girU eat' 
with Bucli a good appotitc, quite unsuspicioiB of what 
tliey ai'o doing it fori However, if I mean to finisli tho 
history of our mouthful of broad, I must push on to it 
last chapter. 

Tho trJioIe of what we eat 13 not burnt, as you may 
c:isily euppoae • fur, if it were, what would the blood 
have left to fccil the body wiUi, and to repair iu due 
proportion tho continual destruction or wasto whicli 
goes on in our organa? Our food, or " oiimenfj}i," as tLe 
general collection of diflcrent aorta of food is called, 
arc divided into two very distinct seta : some, which are 
destined to be burnt, and which arc called <tlhnents of 
wmlustioii ; others, which are destined to nourish thOj 
body, and wliich are called alim^enis of nutrition, 
have to tell you now about these last, and you will 
their history by no means anintercstinf^. 

Learned men having detected, beyond tte posaibiHtyl 
of a doubt, the esbtence of these two sorts of aliaiGntfl, 
one is tempted to thiuk they ought to have made itj 
luioivn to the cooks, and tliat ever since bo important 
(lificovery, the dishes on all well-regulated tables shoulil 
have been arraiiijed according'ly ; alimcnlfi of combustiouj 
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on one side, aliracats of nutrition on tUe otLei'. It can- 
not be enough merely to give your guests a treat ; you 
ought to provide thorn with everything necessary for the 
proper fulfilment of the claims within ; and if you give 
Borae nothing- but combostiblea, leaving the otlici-s no 
share of fuel, how will they be able to manage? No- 
body thinks about t5iii=, hoTV'ever; not even cool<s, to 
begin with, who, ns far as firo ie coDcerued, find they 
havG hnd (jiiitc enough to do with it in their cooking ; 
and as for the guests, when they have had their dinner 
they go away satisfied, as a matter of course, quite as 
well provided for as if the mistress of tlic house had 
mado her calculatlong, pen in ha.ad, while writing- out 
tlie bill of fare, with a view to combustion and nutrition. 
Now, how is that 1 

It is because the t^vo sorts of alimenla are, for the 
most part, met wifh together in everything we eat, so 
that we Bwallow them at once in one mouthful | end 
have therefore no need to trouble oursclvcB further on 
the subject. There is our bit of broad, for instance. 
What is bread made of? Of flour. Bread, then, must 
contain all that was previously in the flour. Very good. 
Now I -will teach you bo-w to dl'^cover in flour the ali- 
ment of combustion on the one hand, and the aliment 
Bf nnti'itiou on the other. 

Take a handful of flour, and hold it under a email 
stream of water ; Icncad it Hsbtly between your fingers. 
Tho water will bo quite white as it leaves it, carrying 
away with it a fine powttor, whicli you could easily 
collect if you wero to let the water run into a vase, 
where the powder would soon settle to the bottom. 
Tbatpowdcr iastardi — the same atarch as washerwomen 
use for Btareliiug linen, aiul whicii onr grandfathei's em- 
ployed in powdering tlicir wig?. Yon had aomo put ou 
10 
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your OWD hair one day when you wore dressed up 33 s 
coi]rt-lady of olrJen time. Now, starch is aii excellenl 
combustible. People hare succeeded, by means wMcli 1 
will not offer to detail here, in ascertaining almost 
exactly what it is made of, aud they have foiiad in it 
three of our old acquaintances, oxygen, hydrogen, and 
carbon, combined together in such proporitong that l&O 1 
ouncea of stardi corituin ob follows : 

DaDGTK, 

CuThoa . 45 

Hydrogen , 8 

Oiygen 49 

100 

I givo you the calcalatioi) in round ntimljers, ao as not' 
to burden your memory with fractions ; and I will do 

the same with the other stmB 1 sliall liave to go through 
to-day, tills being-, let me tell you, an, arithmetical day. 
Besides, I could scarcely take upon myself to warrant 
tlie absolute correctncs=3 of those very precise fractions 
[jcoplt! Bometimca go into. Even our learned fricads. 
squabble now and then as fo which ia right or wrong 
over the 100th part of a grain, more or le?B, in making 
Out their balance, and you and 1 will not offer to decide 
betwecu them. I always Ihiak we have accoirpliehed 
wondcR in getting even near the mark, and with their ; 
pennlseion we will stop there. 

Starch, then, of whose weight carbon iToastitutea 
nearly one-half, U of course a first-rate combustible. 
Indeed, one may almost consider it the parent, as it 
wore, of at least half our aliments of combustion, for if 
(in couscquence of a certain operation, whicli natm-o 
haa the power of performing for licrself, in certain cir- 
cumstancfta} it loses a portion of its carbon, so that thero 
krcuiaiu but ii& ounces of it in the 100 of starcli. oul 
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stareli is turned into sotaetliing else ; now can yoy guess 
wlmtthat aomctliing ia ? Neitlicr more nor less than 
swjarf Witaeas tTio grand mamifactorieB at Colaiar, in 
France, where tags of 8tn,rch are converted into casks 
vof symp by a process of natare alone ; bo that the in- 
Hliabitanta of the neighborhood sweeten t]ieir coffee at 
Blircakfast with what mi^Sit Lave been made into rolls, 
^had it beea left alone. And this is not all. Give back 
this starch-sugar into tlio bands of Nature once more by- 
putting it into certain other conditions, and a cew pro- 
Icess begins in it. About a third of its carbon will unite 
itseir, of ila own accord, with tlio two-thirds of il« osy- 
gon, so as to make carbonic acid, (you are acquaiuted 
with tliat gentleman now) whicU shall fly off and away, 
and tlicro will remain — wliat do you think? — Alcohol^ 
that other combustible we talked about, and which burna 
i_eYCtt better than sugar aod starch, since in a hundred 
DQQCes it contains as follows : — 

Oancefl. 

Carbon 63 

lljdPORcn 13 

OxfgcD , . , S4 

100 

l11 this astonishes you. What would you say then if 1 
rero to tell you that your pocket-handkerchief is com- 
scd of eoLirely tbe same matcrialB as starcb, and in 
le same proportions too, and that if a chemist were to 
take a fancy, by way of a joke, to make you a tumbler 

I of sugar and water, or a small glaaa of brandy out of it, 
be could do eo if he cSioae. Wonders are found, you 
Bce, in other places bfisidcs fairy tales ; and since I have 
begun this subject I will go on to the ond. Know thea 
that from tlie lo^ on the flro, to the baek of your ehair, 
rerything made of wood, is in pretty nearly the same 
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|iredicaaieataayourpocketrhandkereliief ; and if pwipic 
are not ia the habit of making' caska of syrup and ke^ 
of brandy out of tio trees they cut down in the woods, 
it is onlyj I assure you, Lecause such sugar and braudy 
■would cost more to make than other sorts, and ■vrould 
not be so good in the end. Should some oaecvcr invent 
and bring to perfection an economical procffis for doing 
it thoroughly well, nugar-uiaker3 and spiritrdistLllGra 
will have to bo on their guai-d ! 

But vfc arc wandcriDg from our subject. If I hava 
altoired myeolf to make tliis digrcssioo, hoivcTPr, it is 
bccauao I am uot sorry to accustom yoar niiud cKrly to 
the idea of those wonderful trans forma tiona which 
nature accOmpliahca, and of which 1 could give you 
many otlicr instances. 

To return to our Itoiir. As Boori as a.]! tlie dtarch is 
gone out of it, tliorc remaina in your hand a whitish, 
elastic substance, which is alao etieky or i/hdinous, so 
that it ma-kes a very good glue if you choose; and 
hence its namo of gluten, which ia tlio Latin word for 
gluo. 

When dried, this gluten becomes brittle and semi-trans- 
parent. It koepa for an uulioiited time in alcohol, putre- 
fies vary Boon inwaicr exposed to the air, and ia easily 
dissolved in a vaah of E^oda or potash. Finally 100 
ounces of it contain as follows :— 

Oanen. 

C^rbcn fiS 

HydrcigeQ , 7 

Oxygca IS 

STitrogen 17 

too 

Observe the last material named. It is a new arrival, 
of which I ehall soon have something to say. 
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^M.« where am I leading jou? jou will ask, TritU all 
these uuint&restiDg details about glue, 
H Wait a. little aud JOQ slmll bear. 

You have probably never aeen any one j'dd, wtich is 
a pity, as it liappens ; for if you bad, jo'i might liavG 
noticed (provided you had had the courajr.e to look into 
the basin), that after a few Bcconda, the bluoil which had 
been taken away separated itself of its own accord into 
Ht^V'O portiotuj ; the one a yellowish ti'an&par&ot liquid, 
the otlicr aa opaque red mass floating on the top, aad 
which is called tLo coaaiilum of the blood or clot. This 
^^poaijulum owes its color to an infinity of minuto red 
bodies of which wo will spoak more fully by and by. and 
which are retained as if in a net, in the meshes of a 
peculiar substance to which I am now going to rili youi 
attention. 

That substance ia whitfeh, elastic and Sli^Lj ; and 
when dried becomes brittle and semi-transparent, It 
keeps for an unlimited time in alcohol, putrefiea Tery 
800U in water exposed to tlie air, and is easily dissolved 

a wash of soda or potash, Finally 100 ounces of il 

itain as follows : — 

OUDOCfl. 

CarlboB, fiS 

Hyclrogen, T 

Oxygea, 13 

Nitrogen,, 17 

100 
This substance is called j/ibi'ine. It goes to form the 
Ifibres of those muflcles which are contained in a half 
formed state in the blood. 

You arc laughing by thia time I know, and I also know 

the reason why. I haTO told you the aame story tmce 

tOTfir. You have not forgotten my wearisome dcacrip- 
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Ltion of fjfluifn, and bcrc I aoi, saying exaetlj the same 
^Ihing of _^Wjii/ Yon conclade 1 am ilroaoung, mi 
Ijavc made a miatake 1 

Bat no, I am wide avrakc, I assnre you, and ineaji wbat 
.My, Aad if tliesc details axe Uie same in tlie two 
aea, it ia for tlic simple reason tliat tlic two bodies are 
one and llic flame thing ; gluf.en and fibrine being in re- 
ality Ijut one BalslttQce, bo that were t)i& moat tikUM 
profcsi^or to see the two together dried, Le woald be 
pnzzlc'l to Bay which came from the flour, and which 
from tliG blood. I mentioned that our muscles existed 
in a hiilf-formod, state in the blood. Hero is EometWng 
furtlior. The JUjrm of madeira exist, prcvloosl/ in full 
ptrfcction, In tlio bread wo eat; and wlien you make lit- 
tle ronnd pills of tlic crumbs at yonr aide, it 13 composed 
of fibres stolen from yoor muscles wUicli enable the par 
tidcB to stick together ; and I say stolen from your m\ii- 
cliis, because thoy are tho giulen which yon ought to have 
eaten. I hope the thonght of this may care you of a fool- 
ish hnbit, which is sometimes far from agreeable to those 
wliositby you. 

This, then, is the first great aliment of nutrition, and 
you may make yourself perfectly easy aboat the fate of 
thoae who eat bread. If little giria should now and 
tlien liavo to lunch on dry bread, I do not see that they 
arc much to be pitied. There is the starch to keep up 
their fire, and the gluten for their nourishment, and that 
ifi nil tlicy require. The porter above is the only one 
who fmda fault. And in these days porters have become 
more diflicult to plcaso than the masters themaelvea. 

Tficn as to liabica who drink nothing bat milk, yon 
perhaps wish to know whera tlicy get their siiai-o of 
Qbrine. 
And I ana obliged to own there is none in the millt 
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iiself; but, I dare say, yDU know curdled m'dk or rsnneif 
The samo separation into two portions bna takeii jjlace 
there which occurs in the bloqd wlicn draWD Irom tlic arm ; 
undernealli is a yellowisli tranaparent liquid, — tliat is 
Llie wJwy ; above a wliitc curd of which ciieeae is raade, 

fand which coutalna a great part of what wonld have 
made buticr. By carefully clcariB^ the ciird from all its 
buttery particles you obtain a kind of white powder 

iTrlLich is the essential principle of cheese, and to which 
the pretty name of cousin 13 given hecauso caseus is the 
Latin for ebecse. I shall not trouTjle yoa now with de- 
tails about casein; "but there ia one thing you ought to 

[ know. A hundred ounces of casern contain ag follows : — 

OOI1*05. 

t^arboQ, 68 

Kjdjrogen, 7 

Oxygen, 13 

Hitrogen, 17 

100 

Exactly like gluten andfibrinel 
Now, then, you can ondoratand that no particular 
credit is due to the blood for manufacturing muscles out 
of the cheese of the milk wbicli a little baby sucks. 
' Ho has much loss trouble than the mannfactnrera at 
Colmar hare in turning their starch into sugar ; because 
to his case the new substance is not only composed of 
the saui'e materials aa the old one, bat contains thorn in 
exactly the same proportion also. 

We have a socoiul aliment of nutrition, yoa see, and 

I must warn you that it is not found in milk only. It 

exists in large quantities iu peas, beans, lentils, and kid- 

ncy-beana, -which are actually full O-f cbccsc, however 

[strange this may seem to you. It would not surprieo 

pou so much, however, if you had boon in China and 
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Iiarl tasted tliosc del'icioua little checsea wliicli are sold in 
the Btrectrf of Canton. They cannot bo distinguished 
from qiu" owD. Only the Chinese (from whom we aball 
learn a, great many things when wo have beaten them 
BO tliat tL-cy will conclude to be friends with us) — the Ctii- 
nese, 1 aay, do without milk altogether. Tiicy stew dowu 
pcaa into a thin pulp. They curdle this pulp Just as wo 
do milk, and in the eamc way they squeeze the ciU'd well, 
Bait it, and put it into moulds— ;just as we do — aud out 
comes a chfitefi at last — a real clieese, composed of real 
casein! Pat it into the hands of a chemist, and ask 
him the componeut parts oF a hundred grains of it, and 
he will tell yon aa follows : — 

OiinMeL 

CarLoD, 63 

Hydrogen, 7, etc 

I stop there ; for you eurely know the list by this 
timol 

Only the third aliment of nutrition remains to be con- 
sidered, for there are bat three ; and I will tell you iu 
confidence, what is stranger etill, viz., that there is in 
reality but one ! But we have had enongh food for one 
day, and I do not wish to spoil your appetite. We will 
rescrTG the r<Bt for another meal. 
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There is a favorite iconjuring tiick, which alvraya 
lamiisfs people, though it deceives no ooe. The eon- 
' juror shows yoa an egg, hoUls it up to the light tliat 
you may see it m quite fresh, then breaks it ; and — crack 
— out comes a poor little wet bird, wEio flics away as 
well as be can. 

I This trick is repeated in earnest by natnre every day, 
under our very eyes, without our paying aoy. attention 
(o^t. She brioga a eliicltea out of the egg, which we 
place under the hen for twenty-two days, instead of eat- 
ing it in the shell as wc might have done, and we view 
it as a matter of course. Yet wc do not say here that 
the bird may not have come down the conjuror's sleeve, 
or the lien may not Laye brought it from under her wing* 
It was really in the egg, and its oivn beak tapped against 

I the shell froo> within and cracked it. 
How ha3 this come about ? No one can have put thai 
"beak, those foathera, those feet, the whole little body, in 
short, into the egg while the lien was aitting upon !t, 
that 13 certain. It is equally certain, thou, that the 
Bliqaid inside the egg must have contained materials for 
all those things beforehand ; and if Nature could 'panit' 
fiicture the bones, musc-Ies, eyes, etc., of the chicken, out 
10* (235) 
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of that liquid while in the egg, she would probably Iisto 
found no more difBcaltj in maiiufacturmg youi' bones, 
muscles, eyes, etc., from it had you swallowed the egg 
yourself, 

Here, then, is an andeniable aliinent of nutrition. 

It is called albumen, which is tlie Latin word for 
white of eyg. It is easily recognized by a TOry obvions 
characteristic. Whea exposed to a temperature rary- 
ing from sixty to aeventy-fiTS degrees of heat, according- 
to the quantity of water with which it is mixed, alhii- 
?«e7i hardens, and changes from a colorless transparent 
liquid, into that opaque white substance, which every- 
body whcH hga eaten " liard-boiled eggs" ia perfectly well 
acquainted with. 

I will only add one trifling detail. 100 ounces of 
albumen contain as foUowa : 

Onncev 

Carbon, 6B 

Hjdro^BB — 

Yon can fill up this number yourself, can yon not 't 
And knowing the Y of hydrogen, you may guess what 
follows I After what we have talked of last lime, here 
is already auosplanatioQ of the chicken's growth. But 
let na go on. 

You recollect that yellowish liquid I spoke abont, 
which lic3 underneath tlhc clot, or coitgulum of the. blood ? 
I will tell you its name, that we may get on mora easily 
afterward. It is called the scrum, a Latin word, which, 
for once, people have not taken tli'! trouble of tranalatr 
in^, and wbicii also means lajity. Put thia serujfi. on 
tlie fire, and in scarcely longer time than it takes to boil 
an egg hard, it will be full of iin opaque white sub- 
Btance, wliich is the very albvmen we are epeahjn;^ c»f. 
Our blood, then, contains white of egy ; it contains in 
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fact — ifyoii caro totnow it — sixty-five times more white 
of egg than filarine, for in ] ,000 ounces of blood, you 
will And 195 of albumen, and only three of.jihn>ie; of 
casein, none. 

• NevertiielGss wo eat cheese from time to time, And 
we generally eat more meat than cgga, and meat ia prLn- 
cipaHy composed of fibrino I I elioiild be a good deal 
■ puzzled to make you understand thia, if we had not our 
H grand list to refer to^ 

pinti 



Onncei. 

Carbon, CS 

Hydrogen, ^ . 7, etc. 



Fibnne, casetn, albicmeu, they are all tlio same thing 
in the main. It ia one subatance assuming different ap- 
pearances, according to tha occasion ; like actors who 
play several paris ia a piece, and go behind the sceno 
from timo to time to change- their drcasea. The naual 
appearance of the aliment of nutrition in tlic blood is 
albumen,' and in the stomach, which is the dressing-rooni 
of OUT actors, ^^Hne and casern disguise themselves in- 
geniously as alhiunen ; trustingto albumen to come for- 
ward afterwards as ftbrine or casein, when there is 
either a muscle to be formed, or milk to bo produced. 

Know, moreover, tliat albwiien very often comes to ua 
ready drcdfcd, and it ia not only from egga we get it. 
As "We Iiave already found the jrbrine of the mustilo and 
the casein of niiik in vegetables, so we shall also find 
therGf and that without looking far, the albumen of the 
egg. It exists in grass, in salad, iind in all the aoft parts 
of vegetablea. The juice of roofc-vfigetables in particu- 
lar containa remarkable quantities of it. Boil, for in- 
etance, tho juice of a larnip, aftor straining it quite clear, 
and you will see a white, opaque substance produced, es- 
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actly like tiiat vbich yoa would observe under siinnar 

circmnstances in the serum of the blood ; real whil^ oj 
&}g, that 13 to say — to call it \rf tlie name you are most 
faiiiUiar with— Willi all its due proportions of citrbon, 
hyilrogcn, oxygen, and nitrogeo. 

I woDder wliether you feel as I do, dear child ; for I 
own that I turn giddy almoBb wLen \ look too long into 
these deptha of the myaterica of nalurc. Ilerc, for in- 
stance, 13 tiie Substance which ia found everywliere, and 
erorywhere the same — id the j,tms m in the egg, iayoar 
blood aa in tomip-juico! And with tliia one solo sub' 
stance which it has pleased the groat Creator to throw 
broadcast into everything you eat, lie has fafihioned all 
the titousand portionB of youi- frame, diverse niid deli- 
cate as they are ; never once andoing it, so to speak, to 
rs-arrange differently the elements of which it ia com- 
posed. From time to time it rcccLvea Eome slight im- 
puleo which alters its appearance but not its nature, and 
that is all. As theehoiniat found it in the bit of salad, 
BO he will find it again in the tip of your nose, if you will 
trust him with that for esamiuation. We are prond ol 
our personal appearance sometimes, and smile at our. 
seh-ca in the loulting-glasa ; n-e think the body a Ycrj 
precious tiling ; but yet when ■ffc look deeply into it Wf 
find it merely so much charcoal, water and air, 

This reminds me that wo have not yet made acquainfr 
anee with the new personage who was lately introduced 
upon the scene. ITiiragcn or a^otc, I mean. He playa 
too important a part to be allowed to remain in obscnrlty. 

You have already learnt that oxygen united with hy- 
drogen produce3 water. Combined with nitrogen it 
produce;? air ; but in that case there is no nnion of the 
two. They arc merely neighbor?, occupying between 
them the whole space cstcnding from the earth's sur 
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face to forty or fifty miles above our heads ; togethot 

j^^verywhcre, but everywhere as entire strangers to each 

jther as two Englislrnien who liave never been Intro- 

" duced I I should be a good deal puzzled to say wliat ni tro- 

geii does m the sir : he 13 there as an inert body, and 

1(MTC3 all tlie businoas to the oxygen. When we breatTiOj 

Kibr instance, the nitrogen enters onr lungs together with 

Bits inseparable eompauion, but it goes out as it went in, 

■witbout leaving a trace of its passage. NeverthelesB, as 

Bomctimea liappens among' men, the one who does nothing 

takes up the moat room. Nitrogen alone occupies four 

fifths of the atmosphere, where it is of no Other uaO than 

to moderate tie ardent activity of king osygen, wiio 

would consume everything were he alouo. I can com 

pare it to notliing better than to the water you mis with 

wine, whicSi would be too fiery for your inside if you 

^drank it by itself. This is what nitrogen does. It pula 

Htiie drag on the car of combustion ; a3 in society, the 

large proportion of quiet people pat tlic drag ou tlic car 

of progress (let U3 for once indalgc oaracivea in talking 

like tlio nowspapera ]) ; and such people arc of definite 

use, however irritating their inierference may appear in 

gome cases. The world would go on too rapidly if there 

were nothing ^nt oxygen among men. We have quite 

^enough in having a fifth of it I 

Butwbat in the world am I talking about? Let ns 
[get hack lo nitrogen as fast aa we can 1 

We must not imagine there ia no energy in this quiet 

Imoderator of oxygen. Like those calm people wlio be- 

leotnc terrible wlien once roused, our nitrogen, becomes 

|cxtrcnn>ly violent ill his netions when lie is cxcitcil by 

anoLlior substance, and n bent on forming alliances. 

iomcti«.es the iKually cold neighbor unites itself to oxy 

En in the closest Ixinda ; in wLich case the two to- 
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prethcr rorm that powerful liquid, aqua-fovlis, of wliEcli 
joa may have htoril, and which corrodes copi)er, biirna 
iLc akin, and devoars imiiscrimiDately almost every thu^ 
it comes in contact with. Combined with hydrogen, ni- 
trojjon formB ammonin, which h stUI oftca called by ita 
old name volatile alkali; ono of tlio most powerful bodies 
io existence, and ono for which you wouM very soon 
Icam to enteTtflin a proper respect, if aomebody were to 
uncork a bottle of it under your nose. Finally, nitro- 
gen and carbon combined, produce a quite foreign scl- 
Stanco {cyanogen), rCsembliog nCitliCr father nor taothcf 
in ita actions end pow&rs, to the confusion of all pre- 
coneeived idcafl, when Giiy-LussaCf a Frcncliman, intro 
dnccd it to the world, where it fell like a bombshell 
upon the theory of clieraical eombinatlons. This imper- 
tinent fellow, combining with hydrogen in hi3 turn, pro- 
duces jtftM-siK fltvW, the moat frightful of poisona ; ono 
drop of which placed on the tongue of a horse strikes it \ 
dead aa if by lightning, 

Yoa porcclvo that you must not trust our worthy' 
friend too far. Ton have learnt, however, elaewhere, 
that it is not equally formidable in all its combinations. 
Those very substances whlcti, when paired oET into small 
Beparato groups, destroy all before them, constitute, aU 
foar logetLer, that prceioas aliment of nutrition ofj 
which we are formed. Moreover, its real name is] 
" aaotized alment," because it ia the preseace of nitrogen I 
or azote in it, which, above all, determinog ita quality, 
so that people arc in the habit ol estimating the nour- 
ishing power of oor food by the amount of nitrogen it| 
contains. In fact, nitrogen seemH. (o bo a substance 
especially inclined towards everything that has lifo. 
Hia three comradra wander in mighty strenms, bo to 
Bpeak, throagh every port of creation ; but he, exccp; 
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in tlievast dotaam of tlio atmoaphere, where lie rcigny 
in snch majeatic repose, is rarely mc-t -witli, except in. an- 
imalB.or in such poi'tions of plants as arc dcstiEcd for 
the support of animal life. 

On tins point I will tdl you the history of hie original 
nama, azoU, which yoawJll find curloua enough. A short 
time before the French ItoTolution, in 1789, the princi- 
pal properties of this gas were made koowa to the 
■world by a learned Frencluaan, who may be almost con- 
sidered the father of inodcra elicmifltry, and whose name 
I must bog yonto recollect.* He was called Lavoisier, 
"While endeavorinf!; to account satMactorily for coinbus 
lion, which before his time people explained any way 
they could, Lavoisier succeeded m separating our two 
friends, the neiglibora in the atmosphere, one from the 
other, and was the first man in the world who managed 
to secure in two bottlca^n the ouc hand, the bubbling 
oxygen freed from his tiresome mentor ; on the other, the 
sober azoic, snatched away from his giddy pupil. What 
he did with the bottle of oxygen matters but little to ua ; 
but in the bottle of osoie he plunged, by way of experi- 
ment, an vm fortunate raouae, and subsequently a little 
bird, both of whom, finding no oxygen to breathe, died 
one after the other. Nothing could live in it, aa yon 
may snppose ; and Lavoisier thought it must he right to 
gire 80 destructive a gag tlie name of azote, wliich in 
Greek means ^^ opposed (olife" Meantime, science went 
00 progressing by tiie gleam of the lamp he had lit, and 
then followed the dLscoTeries of his saccessora, who forced 
their wayiuto the obaeare laboratory where tlie elements 
of living bodies are prepared. And at last it was ascer- 



* Dr. Dajucil Eatierfonl (Ediuliiirgli) discovered tLo esisteoce ol 
HitTogen, A- b. 1772; Iml he Esrer luTestigated its cliftifictff. 
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tained llial this asote, opposed to life fis it wos Iboofrhl 
to be, was actually an essential property of life ; that 
it aceompfimefl it everywhere, and that mtliout it Uie 
whole frarnewDrk of the animal inacIiinG wjuld fall to 
pieces. It is BtiU knonu hy its old name, ivliicli custom 
had saoclioned j but I imagluo no learned man can ever 
ulter it now without a feeling of liumility, aad without 
tlie tliought that tlic future Iiaa posaibly many contradic- 
tions in storo for him also. Besides, nitrogen has to pflsa 
through many fine-drawing pT&ces-scs before it attains 
that post of honor wliidi has been asgignod to it in the 
animal kingdom. The animal liimself can do notliin^ 
with it, uuleae it has been previously a.bsorbpd anil lII- 
geated by tlio vegetable, and the vegetable in its turn 
could got no good from it, were it to remain isolated and . 
indifferent in the bosom of tlio atmosphere. It i^ only 
when it hp,B formed one of thoso combiniitiona I bavo been 
telling you about, and more particularly tie second, 
which produces ammnnia-, that it fairly eutera upon the 
round of life. And then, in the mystcriouH depths ol 
vegetable existence is organized that wonderful qua- 
drille of the allmenis qfnuiritton, the history of which, 
lias now boon sufficieotly csplaincd to you. 

The vegetable kingdom, therefore, is siaiply the great' 
kitchen in whicli the dinner of the animal kingdom is 
being constantly made ready ; and when we cat beef, it 
is, in fact, the grass which the ox has eaten, which noor 
ishcs us. The animal is only a medinm which transmits 
intact to iLs the albumen extracted iu his own stomach 
from the juices furnished to hira in t?ie fields. He is the 
waiter of the cating-Iiong-c ; tlic dislins which be brings 
ua have been given him already cooked in the kitchen. 
But to appreciate properly the service he rcndora ua wo 
miist roraember that the dishes to be obtained from ktom 
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ire very, very email, and that it would be a great fatigue 
x> the Htomach if it could only get at each tiny scrapa 
lu a time ; as, alaa ! has sometimes happened to the 
"aminefltricken poor, who have tried in Tain to suppiort 
.ife from the grass in the field. Bat thrae minate diahea 
ire brought to us in the mass whenever we eat beef, and 
JUT stomachs benefit accordingly. Do not forget this, 
my child ; and when momma asks you to eat meat, obey 
her with a good grace ; if, that is to' say, yon wish to 
grow up to be a woman. 
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Ohb TTord fliore before we finish. Wo must not Icava 
off without Lidding a la^t farewell to the good aervant 
of whom we have spoken bo much ; tke model atcwariJ 
BO exact ID giving back everything Iio receives — tlie 
factotam of the hoaso in short. We liavo watched him 
at work long enoiigh, bat I have not yet described liim 
pcraonalJj to you, nor told you exactly what he is com- 
posed of. 

And here I sliall be obliged to begin again with figures 
and palculatjons, altljougli I am told young people are 
not very fond of them. Ncvertlielesg, noua of us ca 
manage our affairs properly witliout t!iem. Hereafter,^ 
when you are at the licad of a family, you will be oblig- 
ed to practise arithmetic, if you want to know wliat 
going on in your bouse. Never allow yom-self to loot 
upon what ia necessary as wearisome ; the true secret o£ 
being punotaal in our datKs ia to throw our heart and 
interest into them. 

I chooao, therefore, to suppose that yon will be 
tcrostcd to know that 1000 oaneea of blood generally 
contaLD, (lor there ai-c shades of difference between one 
sort of blood and another) 870 ouncea of the serum 
have been talking about, and 130 onneca of dot. At 
first sight ono wonld take the c|uantity of dot to ba'^ 
ffiucb greater tliac it really is ; bat in the stale you bog 
(334) 
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it, in the "basin, it coutains a consideraijlc amoimt of 
watw, wliicli belongs hy right to its. cotiipanion serum,, 
land vhich has to be drained away from it before it cun 
[be weiglicrl. 

Now, in oar 870 ouncea of scram, wc 5liaIL iind, to 

fbegin with, 700 of water ; do uot bo astoiiiabed at the 

quanlity. Moat of the weigUt of all aiiiuiab is produced 

by water; tLeyweigh coiupai'fltivolj nolLijig after beiug 

Itlioroughly dried in a stove — when tlicy arc dead of 

coarse — for neither animal nor plaiit cau live unless 

eatiirated with water. This, by tie way, may servo to 

|«ixplain the ease with which we can keep ouraclves float- 

' jng in water ; we arc not mucli more than water our- 

Bclvca [ Were it not for those obominal^lc bones wliicb 

bare a little bit heavier than the rest, wc should never 

leinlc unless a stone w€to hung rouQd our necks. 

I repeat then ; 7t)0 omieeg of watei- ia 870 of serum , 
["whicli leaves 80. Of thia, albumevi furnishes seventy, 
and the ten othera, with the esception of a small portion 
[of fat wiiich (loats Iiere and there ready-made, are sails. 
[it would take too long to esplain what salis are here, 
but there is one sort of salt you know perfectly well ; 
viz.., that which ia put on the diuner-table in a salt^jellar. 
^And it is the most important of all. More than half 
* the ten ounces of salts consist of it alone, whieh will 
make you nnderstand belter than before, what I ex- 
plained with reference to the atomaeh ; that ia, wty wo 
pnt salt in our food. Tlie porter above ia quite up to 
hb bnaness when he asks ereryoee who enters to pro- 
duce his little bit of salt. It is an nttcution which the 
blood appreciates very highly, altbough table-salt ia of 
no great ui^e lo bim in \\\$ building operations ; but it 
evidently keeps him in good humor, and he would work 
badly without it. It \a the Fame with all the animalfi 



236 



COUPOBtnOH OP THE BLOOU. 



man miikos use nf, and even tlku plants ho cultivalcgiUnil 
that salt gives them au appetite. And it wonld almctil 
seem as if nature lind purposely dealt with as in tliis 
matter on a maguiflccnt scale. Slic lias made saltrmaga- 
zinea of the sea and the bosom of tlie cartti, wlicrc it 
cxialB in prodigious msiBsea which Coet nothing: bat the 
labor of stooping to pick up, except ia countries whore 
a geutlematt called a tas-gatherw, staads by to coniit 
the Intopa and allow them to pass on by paying- a. duty. 
For my part, if I were the goTernmeut — tliis is a secret 
between you and me, mind — -I would look out for sooii*- 
thing e!se to stand in tlie place of tbe aalt-las. It 
not well lo interpose between man and tho gratuities' 
of Dame Nature, and to make him pay more heavily for 
tliG blood's choeen friend Uian &hQ meant him to 
charged. 

But to proeeed, tUo kitcben-Balt being deducted from* 
the ten ouncea of salts-in-goneral, there remain alto- 

gctlior from four ixt five ouncog, wiieJi contain . Bat 

here I atop, for it puzzles me very much how to go ou 
Enough, that to enable yon to follow mc, you would ri 
quire at least aa much knowledge of chemistry as wil 
be expected of a young man who Ime to pass an csamt 
nation in medicine. Fancy tlio contents of a 'whola 
druggigt'y shop ! I will tell you a few nameg, tbat yon 
may have a specimen of tho style in use, but I forewarn 
you that they are not inviting : kydrochhrale of amTntf^H 
iii'a; hydrochlorals 0/ potash ; carlonale of lime ; sulphat^^ 
0/ potash; jihoifiikate of lime; phospliati of -niagnesia; 
laciale of soda. I spare yoa the othere, for many otbera 
tlicrc are, without counting those which have not yet 
been discovered ! All these things are to be found, I 
must tell yon, in. fibrioo and albtimen, but in aueb minnfa 
quantitieB that it is scarcely possible to recognize them 



cosiposrrios oi' iue bi.ood. 



237 



I 
I 
I 
» 
I 

I 



ficruffi, for inatancBi the gcnLlcmcn are 60 very 
small, and BO completely cntaiiglRa one wiLli the oilier, 
Ihat it is startling to tiiink of the skill and p[iti<3ucfl 
requisite for making tbera all out, to saj nothing of 
nfBsiog" tlie right namc^iincoiiLTi as it may BCCm — tc 
eacii grain of this almost imperceptible duat I Ho who 
fii-st callcci nisin an epitomQ of creation, scarcely kiie;r 
lion" truly be wag speaking, for ma.ii Lcara about ia liis 
veins, ascertained samples of at least half the primitiva 
sol)3tance=i from wliicU all othora are made, and if llio 
wliolc of llicra should some day bo found to be thorc^ I 
for one Bbould not be sui-prised. 

This 13 well wortb knowing, \a it not? and I haTe not 
come to tlie end of my story yet. 

We have stil! the 130 ounces of dot to speak about. 
Bnt their conteiit=i arc ex^ily reckoned. Three onnces 
of fibrine and 127 oi ylohuhs. 

Here, however, we enter upon sucii a world of won- 
ders, that I am quite delighted to be able to finiah with 
it. Itwill be the marjterpiece of oui- exbibilionl 

You feci quite sure blood la red, do you not? TTcll I 
it is no more red than the water of s. stpoani would be, if 
you were to fill it with little rod fehcs. Suppose the 
fishes to bo very very small, as small as a irrain of aand ; 
and closely crowded togetiicr through the whole rlepth 
of the stream : the water would look quite red, would it 
not? And this is the way in which blood looks red: 
only observe one thing ; a grain of sand is n mountain 
in comparison with the little rod fiahcs in the blood. If 
I were to tell you they measured about the 3,200th part 
of an inch in cliamoter, you would not bo much the wiser, 
=0 I prefer saying (by way of giving you a more striking 
idea of their minutcacgs) that there ■wonild bo about a 
million in snch a drop of blood us would hang on tlin 
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jtoinL oE" a. needle. I say ao on tlie authority of a scicft 
tilic Frenclimaii — M. Bouillet. Not that ho ever coutHed 
them, as you may BuppMO, any more than I hare doneji 
but this is as near an approach as con ha made by cnku- 
latiott to tLe size of tboso fabulous blood-fish os, which, 
are the 3,200th part of an inch in diameter. 

These littles lishea arc cal\d ghhiiles ,' buttlioyarc 
not exactly shaped like fiitf& glohes, as the word woul 
lead you to finppoao. Tliey are more liie little pla 
slightly hollowed otil oa both sides. The central nucleus 
is surrouuded by a ilattcncd margin rather bladdery in 
appearance, of a beautiful red color, formed of el sort of 
vci'y soft &nd very elastic jelly. I scarcely need tell 
you that all thia was discovered through the microaeope, 
and moreover, by esamiiuDg the blood of frogs, in which 
the globules arc much larger than in ours.'* 

It was in H361 — rather mo-ro than two hundred yei 
ago — that an Italian and a Dutchman discovered, eac; 
by himaolf in his own country, the microscopic popul 
tion of the blood. The Jiamc of the Italian h not ver 
dif&calt — Malpigld, As to the Dutchman's, you must i. 
pronounce it in the best way you can — he wag called 
Leeuwenlioelc. Tou smile, hut he was nevertheless one^j 
of the first men who really comprehended what a won^H 
dcrful auxiliary hunmu scicace had just got hold of in^^ 
the microscope, and he liaa helped to open the cjea of 
the vrOrld to the marvels of miniaturo creation. So coi 




* Autliaatio porlniltB of tLesa gloTiiUeB dniwn^fio to apeak- 
Nature heraolf, are ta 1io sopu on tlio aJmlrabU PhntogrnplK 
toincd by Bcrtsuh, with tlie aiJ of tlie sularmlcToaccrpo, iDTcnted hj 
himeeLf fLnd Amaiid. 'TLltg 7011 bgq them mfignificd 250,000 LimcB. 
iind may etudy Ihcm at your ease, EUvi vcri-fy iny -Jeecription foi 
youreeTt' iiitliout any fyar of being' disceiTciI. Yon muet persottile 
yiiur fiitbor to pnicuro (inc. This result of photograpby is amaDg 
lti& ffOTulei's of tnodcTn Beienee. 
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'nt yourself, young laJj, wlili mis-pro aouncing his name, 
(1 beware ol' laiigliing at it! Names arc soDQciliing 
faces, One may live to h<i asiiaiu&d of ridiculing tho 
wrong one. 

TLia discoTery of tbe globulra of tho blood -was dcH- 
Itined to throw great light upon tlie way in, which tho 
rmlritloTt. of the organs was carried ou. Modern chemists, 
who are always foud of mveaUgatloa, bare examined 
what they are made of, and can find little else in them 
<ut olbiimi'n. Out of our 127 ounces of globules, 125 
are albumen ; and thceci, with tho 70 ounces which we 
found before in tliC Eerum, make up tlifl 195 ounces (of 
albumen) whicli I told you were contained iu the 1,000 
ouacea of blood. Forgive mo alt tlioso ounces aud fig- 
ures. Esact accounts give exact information. 

These globules, then, are eouiposecl almost entirely of 
^albunicB, Nearly two-thirds of all the albumen iu tho 
^hlood is concentrated in tliem ; and you fenow now the 
Husc of albumen, yiz.., that it la the foumlafcion of all tlie 
^Ijuildings of which tic blood is the ai-cliitcct. Every- 
thing- leads us to believe that tlie formation of globuloj 
in tho blood ia tho last touch given by nature to tliut 
magieal provision begun iu tbs vegetable, continued in 
tbe stomach, and finished in tlie veins, to which, in com- 
bination with carbon, hydrogen, osygen, and nitrogen, 
we are indebted for the subsistence of every portion of 
our body. Thus the blood-globules may be considered 
as albumen wliicli lias finialied its education, and i^ ready 
to go into the world ; while tho albumen of tl e serum 
is, like our young irieoda, tbe generations iu reserve, 
who ore still at scliool awaiting their turn. 

Thi3 is more than a mere supposition. Scientilic men 
Lave taken to themselves, on their .)wn authority, all 
Bort? uf rights over aniniala, aud we profit ba.'?cly cn0ii;;h 
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-I will not witliih 



the word — Jn onlot 



by their crimes — l will not witUilraw ttie worrt — in i 

to increase our kuowlodge. Accordmgly, tbey conceirej 
the idea of opemngtho veins of animab, and allowing 
the blood to flow until the rktm was prostrate anii 
mntionlfsa as a corpac. This done, they proceeded to 
fill the oshauatod veiiia with blood, similar to that which 
Lad heeii withdrawn, and with tlio blood, life was seen 
gradually to rctui'n, till the animal rose from the ground, 
walked, and resumed its disturbed exigtencc, as if nothing 
had happened. The interesting part of the csperimeut 
to us Li, that if acrum only, without glohules, be restored 
to the uulbrtaiiato auimal, it is of no ase whatever, and 
the corpse docs not revive. 

It la evident, tlioa, that all tlio power and virtne of 
the blood lies in. the globules j and according ns their 
number is great or small it i3 " rich " or " poor," as. it is 
called ; and where their number is not up to the mark, 
the blond acta more feebly on the organs, life is calmer, 
and people arc Tin louger troubled with emotions — in 
otiier words, with violent heats of the blood. Ilencc 
the impossible clniractcr of JyntphaU.c people, who ofteii 
get on in the struggle of life better than others, because 
they arc never in a hurry, and know how to wait for 
oppoptunities. You will oeeaaionally hear the word h/m.- 
p/iailc, for it has become the fashion, and it is time for 
me to explain it ; bnt nnlucltlly the explanation h not in 
Its favor. 

Yon Temcmher those little scavengers wc spote abotil 
formerly, who came from the depths of all the organs, 
cam-ing away with them the worn-out building mat* 
rials, &nd covering the ewrfacfl of tfie body with au 
inextricable net work of tiny canals. Those canahi 
are called lymphaik vesseh, in couBeqnence of being 
tilled with a liq^nid which ia called lymph {ivater, in 
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Latin), but why I cancot tell you, for it is, in fact, siaijile 
eertivi. Tliere was a rcry simple way of aacertaioig tliia 

Iby making out an inTOntOry of the contenia of tlic hjmph 
liquid, and when tliis waa done, they wore found to coa- 
Bist of water, album&n, and tlie salts of &enim ; tlicro 
■was even a little Ebrine ; the only tiling wanting ■was 

^globules. 

How tLc truantserum Gnda ita way into the lymphatic 
ressels m probably as follows : — I have already men- 
' tioned tlie inconceivable delicacy of tlic capillary vessels, 
_tlio3e lust rnniificalions of our arteries and veins. It 
leoda all tbo impulsivo power of the heart to enable tbe 
' tlood to force its way tUrougli tliose narrow (lassagos ; 
J and minute ag are the globules, it would seem that they 
iavc but just room to pass, for ia examining uQcIer the 
microscope a corner of the tonguo of a live frog, Iho 
igIobuEc3 have been seen doublin^^ llicniaclvcs up to pass 
tLroiigh the capillari^g, resuming their iiatnral form after- 
wards. 

Ifc was this, indeed, whicTi mado mo teii yoa juat uow 

Ithat- theii" margins were elastic. During this momentary 

criisli, pert of tlie sernm being forced on too fast, oozes 

. tlirongh tiic wall of the ovcr-lilled capillaries, as water 

>ze3 through the leathern pipes of a fire-cngiQC, and 

hence probably the appearance of sernm or lymph in the 

organs, wbere it is immediately sucked up (i. e., ahsorled) 

by tlio lymphatic vesscla. Now, you will easily ondcr- 

Hland that t!io larger the proportion of serum in. the blood, 

the greater will bo the quantity to be expelled in pass- 

irig through tlio capillaries, and the more will the lym- 

pliatic vesgelg swell. In such cases tlie li/mperament or 

1 constitution ia said to be hjmphaiic. If, on the contrary, 

the globules are in excess, the lymphatic vessels receivo 

|1csB sernm, and diminish in ^'nr. The temperamert 13 

11 
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then called sanguine, as if there were no senuu in the 
blood. You shall be judge yoarsolf, knowing what yon 
now do, whether it would not be more reasonable to call 
such temperaments serous and gldbvloua. At any rate 
those names would give people an idea of the real state 
of things, and teach them that there were such things as 
globulra in the blood.* 

To conclude, I mast give you an account of the two 
ounces which still remain of the 127 of globules, alhn- 
men taking up only 125, as yon know. Those two poor 
little ounces — the remainder of the thousand with which 
we started — would you believe it ? — they alone have the 
honor of conferring upon the blood its beautiful red 
color. They constitute the coloring matter of the 
globules, and you will never guess its chief element. It 
is iron ; ay, actually iron, young lady — the iron of 
Bwords and bayonets. We often accuse it of tinging the 
earth with blood ; and you may now know further, that 
it reddens blood itself by way of compensation. Do 
not trouble yourself as to wliere it comes from. Oar 
fields are full of it, our very plants have stores of it 
It sometimes happens that our digestive apparatus, put 
out of order by other occupations, fails to make use of 
the amount of iron offered to it ; in which case the blood 
is discolored, and the face turns pallid as wax : this ii 
an illness requiring great care. If it should ever befall 

• Hero Is a suTnmnry of tlio contents of 1000 oz. of blood : — 

OanceB. 

(Water 700) 

Serum. -jAlbnmen 70t 870 

(Salts • . . lOj 

IFibrino .... 3) 

1000 
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yon, you will not bo surprised, after to-day'e , Jessoii, to 
■ hear tlic doctor aay that you must haye some iron. ]3ut 
H be easy — ^you Trill not have to B"walIow it wliole 1( 
• you win take my advico, yon will obey the doctor's 

orders aa soon as you ean. 
B Not that looldngpalo signifies anytLing: indeed, somo 
young ladies tliink it an advantage. Eat it is no advan- 
tage to any hody wlien the tlood-globules are distressed 
for want of tlieir proper supply of iron, and do their 
work grudgingly, like ill-fed laborers. Notldng can go 
^ on without them, you laiow, and they arc pcoplo ■wlioin it 
B 33 not well to leave too long out of sorts. Else langnor 
comes on ; languor which is the beginning of death : and 
pray reraember that iron, which so often causes death, i* 
equally useful for keeping it at bay. By sending it to 

I the discolored globules, yon give them back their energy 
.and brilliaiiey together. 
I have come here to the end of all that is known with 
any certainty about tlicsc wonderful globules which are 
to us the raedinra of lii'e. Shall I go further, is the 
question, and take you with mc into the fields of auppo- 
Bition, ?o fol! of nosioug weeds ? And yet why not ? 
Science owes its present position to the praisoworthy 
riila of never adopting any theory which is not Bup- 
ported by well-istablishoci facta ; and I would bo the 
Inst to advise a change. Were I to tell you, what I am 
BOW going to say to you, ut a meeting of the British 
Association of Science, they would turn mc out of the 
Toom, and with very good reason. Nothiug ought to be 
taught there but what can be proved. But tliia is of no 
consGqnon(?o to yon and me, and wo liave a right to 
aniuso ourselves a little, after having worked ao hard. 

Woll, there is an idea which nothing shall ever 
[drive out of my head, however imperfectly it may lie 
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proved 03 yet ; namely, that each of our globules ia ar 

aniiuatedl litiiig- ; and that our life is the myatoriouH 
result of these millions of leaser livps, each of them in* 
eignificant in itself; iu the same way that Iho mighty 
existence of a nation, Is a comiiouod of crowds of exist 
eucc3, each, for tho moat part, without individaal impor- 
tance. Take our own or any other country aa an iit 
Btanc-o ; where initlioaa of brains, tnaoy of tlieui by no 
means firat-rate iu power, go to form a national clla^ 
aclor, the highest (as each naito/i is apt to think of it- 
eelf) in the worlJ. Aeeordiag to tliia idea, you must 
bo a sort of nation yourself, my dear child, which is 
gratifying to think of on the whole. 

This ia much more cxtraordinaiy than what I told 
yoa some timu ago, of the individual life of the organs, 
each of which on this new system would be a provinco 
in itsclfl Do not exclaim too hastily. Whether tlie 
glqbulea aro animated or not, it ia very certain, let mo 
tell you, that your life depends entirely upon them; 
tliat it ia weakened if they are wealt-ened ; that it re- 
v\\es with them ; and that wlietlicr you attribute indi- 
Tidual life to them or not, makes no alteration in the 
fact : their action upon yon remains the eame. And 
he must be a very clevOr man who Can show mo the 
esact difference between action and life. Hercaftci, 
when we have descended the ecale of the animal world 
together, and are arrived at the study of what are 
called microscopic animals, you will better understand 
tUe words which appear bo straogc to you now. What 
little our feeblo instruments have revealed to us bo far, 
of the history of those globules, places them almost on 
a level with those etraiigo crcaturea_. inexplicable to ua, 
which arc found in innmiicroblo multitudes, iu a Tarietj 
of liquids. We trace in th&m the begiaijing of organi 
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zatioa ; theii form aucl £;izc are aliko ia all individnala 
of the same species ; and specioa vary finough to indnce 
one to believe, that tliere is a necessary relation between 

tan animal's way of life and that of its globules. If the 
microscope has not yet caught them in any oTCrt living 
act, who can be surprised ? it is only dead blood which 
lias bec?n submitted to the teat. They ought to bo ob* 
serYod in tbc exercise of their fuufltions, in the living 
ammal itself, as has bcea done to some extent ia the 

[fro* ; and if our foolish chat could influence Ecicntific 
obeervors, I would say to thoin what M. Levcrrier said 

' years ago to the astonislied aatrononiGi-s : " Look youder ; 
you oaght to see a light there with which you are not 
yet acquainted 1" 

I am carrying yon a long way on the wingg of my 

[fancy, ray dear child ; bat have no fears ; I will not let 
you fall. Tliia lifo of our globules, which would, after 
all, be ouly one mystery the more among many, opens 

|l)efore our eyeg a magnificent vista of the uniformity in 

' the scheme of creation ; which goes on repeating itself, 
while enlarging its circles to infinity. "We may, all of 

Ins, be only so many globules of the great invisible fabric 
of humanity, in which we go up and down one after an- 
other ; and those vast globes which our teleacopes fol- 
low through celestial space, may be but globules of one, 
as yet unknown, to which the Almigltty alone caa give 
ft name. 

I Take thia page to yoor father, my dear child, if yon 
do not understand it rightly ; and now, shake lianda, my 
liiptory is ended I 
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'It IB dao^rons to thuw man liowmQ-cb be Teacmlilos tlie bensN, nitlinul 
al tbe game time pointing out ta bim lis 'U\rQ. gn:utnc93. It is eUo dao^r- 
0111 ta show bin h'li grfrAluEjis, icithnut pdnling' out his buftetiMa. Itji 
moredangeroiis ilLII tiii learchim Id Iga^r-ftnce ar beilb. Hut it is greall/ 

I for Ilia BdranUgQ to liaTp bptt »et IjepjF* him," — J^rttift tfe Pilical. 
The man who wrote "lliat, my dear child, did not trouble 
himaclf much about childreo. He was one of the gravest 
Bpecimcna ofUtcrary genius — a man who can scarcely bo 

Hsaid to have ever be«n a child himself ; for as the story 
goes, be was found ono day, when only twelve years old, 
inventing goomotry, and his father only saved him tram 
trouble, by patting the great boot of Euclid into hia 
hands ■; and, at Bixtcen, ho wrote a treatise on Conic 
Sections, whicli waa tho wonder of all the learned men. 
of the day. I have not a very clear idea, of wbat Conic 
Sections arc myself ; but I tell you this to sh.ow that Pas- 
cal was a very profouiid and learned man, under whose 

H ttothority, therefore, I am very glad to take shelter, now 
that I am going to set before yon the very startling 
points of rosemblanco which exist between yoa and tbo 
beasts. 

H As to your greatness, it delights mo to explain it to 

HfOii. It is not due to tho handsome clothes you wcai 
K C24T} 
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wtioiiyouarc goiD^ oat, nOr to the lasuriooS fQi1iiliii( 
of mamma ':fi dra.wiug-room, but to the possession of tlial 
younjjsoul wMcli ia beginning to dawn within, you, ai'| 
the suQ riacs in tlie morniaf? aky, and picrcts througli tlic 
early mists ; in tlii.it gi-ijwinf? intelligeace wliicli has ena 
Wed you fa: understand so far all the pretty stories ] 
liave told you ; in that fresh unsullied conscience, which 
■congraLuhites you when you baTehccn good, and reproTca 
yoa when you have dono wrong ; all of thom gifts which 
aro not bestowed on the lower animals, or certainty not 
tn ifie Panic extent aq upon you— gifta by whiuli you rue 
more and more above thera, the nioro they are developed 
in yoni-self. Your baseness — "bat, begging Pascal's par- 
don, I cannot call it baaencas — your connecting link with 
the brute creation lies in those otiicr gifta of God which 
yon and they share in common — in those wonders of yonr 
organization, which we Bhall now meet with in them 
again, in full perfection at first, aad that in every respect ; 
by which fact you may learn, if you never thought of it 
before, that the lower animals come from the same creat 
ingtand as youTBolf, and ought to be looked upon to 
Bome extent as younger brotlicrs, however distasteful 
Buch a notion may seem at first. 

Societies liavo been established of late, both in France 
and England, for the protection of animala-; and a noble 
and honorable task they have undertaken, in spite of tha 
jokes that have been made at their expense. It is a 
mischievotis cavil to tell people who are doing good in 
one direction, that mora might have been done somo- 
where elue. Everything hangs together in the progress 
of puljllc morality, and you cannot strike a hlowatcrael- 
ty to animals without at the same time making a hit at 
cruelty to man. And the best argument in favor of the 
riglite of beasts to protcctioD, will be found Id the tour 
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you and I are now goiug to make together tlirongh the 
i difTcrCnt claaaCs of tbe animal CTfialiou. 

■ Let 113 begin witli tho horse — one of the beasts which 
B oftenest needs our protection. Give him the mouthful 
H of bread whose history wo have just finished. He ac- 
cepts it OS a treat, and needs no pressing to eat it. And 

»if itcooldtell joa all il3 adventures al'tcrwarda, joa 
would find that you were listening to precisely the same 
Btory as yoar own over again ; that nothing was differ- 
ent, notliiiig wanting. First of all— teeth to grind it, 
. and a tongue to swallow it with, as a matter of coarse. 

■ Kext a la/yn-jf, which hides itself to avoid it, and an 
<esopha;/us, which rceeivca it, just as in your ease ; a 
stomach with its gastric juices, tlic same as yours, in 

B bagpipe form, and its jii/hrus, like your own ; a fescr 
inkstiite, into whicli bile poura from a liTCr like yours ; 
ohylifGrOHS m^sds wliicli auck up a milky cliyle, na with 

H yon J farther oq a larga iniestine; and bo oq to tEie end. 
Nor is this all ; — the horse has also a heart, with \is two 
ventricles, and its double play of ■valvc?g ; a lieart which 
the little girl in our tale might confidently liave exMb- 

Iited to the engineers as her own, but that it would have 
been somewliat too hig-, of course ; into wliich lieart, aa 
into ours, cornea vejwus blood, to be changed aftcrwarda 
to arUrial ; in lunge to which the air kcepa rushing, 
forced thither hy the seesaw action of a diaphragm, 
H as faithful a servant to him as to you, And those lungs 
like our own, are a charcoal market : the same exchange 
takes place there, of carhomc acid for oxygen, as in onrSj 

■ an unanswerable proof that the stoTO inside the horse 
"borns fuel in tlie same way as our own : and if you. 
■were to place tlio thcnnoraefrcr inside his mouth {for we 
arc polite enough to call it his mouth), it would mark 

1-2 degrees of heat (centigrade)— a difference Ijono 



250 



CLASSEFlCiTIOX UF AMMALS. 



ouMoivGa not worth laGiitioning. Finally, if you examine 

]iia blood, you will iiieeL with tbo sfiine serurn and doL, 

tha wliole comp^iny of li/droehraks, pliosphates, carhoif 

ates, ific, from wliicli we slirank teforc, and gloliulca 

made like joar own ; having the aame constritction,and 

tlio eame lifsj or action, if yoa like it better. I nfifid 

scarcely add that 100 02, of iiBfihrinc and albumen wiy 

tain 

Of Cftxboo - ■ - - 63 as. 

Of hydrogen .... 7 

This ia understood all along aa being the case eTcry- 
■wbcre, from man dovm to the tnniip ; so tbat, like you, 
tills doIiIq animal, as the horso is called, ia in point of 
fact only so much carbon, bo much water, and so mucli 
air, joined to a handful of salt, which roprescnls tlie^ 
earth's sharo in the bodiiss of animale. 

You must confess tliat, if we cannot quite call tlic 
horse a fellow-creaturo, lie ia nevertheless very like iis.j 
Ami it ia the same with all those animals which man 
oaakea me of as his servanta, and which have really a 
n&rl of right to the proteeLion of society, since they fcirra,i 
U) a certain extent, a portion of the human family. I] 
do not epeak here of the dog, who pays liis taxes, pooe] 
fellow, in bis quality of friend to man. 

When I think of tic almost identical organization of 
man and hia nestrdoor neigliboi-s, I am astonished how 
it conid possibly have come into the head of a certain 
learned individual (I will not tnention his name), when 
drawing up a plan of natural history, to give to man a 
separate kingdom, as a soqaol to the three kingdoms 
already established — the mineral, vegetable, and animal. 
One might haTe forgiven Pascal if such an idea had got 
into jjia head after writing hia treatise on Conic Sec- 
tions ; there being nothing in them to throw light 
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fiuch. a subject. But in a naturalist, an observer who 
liaJ spent Lis life in tlio study of living creatures, Llie 
tiling seems almost iucrcdiljlc. Possibly iic had reasons 
for what he did, but lie certaiiil/ did not find thiem in 
tbc subjects of hia studies. 

Porgive mc, my dear cliild, for forgetting you in this 
fit of indignation upon a point you cannot care much 
about. Itleads me naturally enoagh to my present busi 
ness.wliicli is none of tlio easiest, but you must help me 
by paying attention. I am going to describe tlicc^s-syl- 
cuCifjit of tlts animal Mngdom, 

There arc a terrible number of anima!a, as you know ; 
and if we ■svisli to study them to any real purpose, i\'g 
must begin by introducing aome sort of order into the 
itmumoTable crowds -which throng, pc]l-mell, around ug 
for observation. Wc Bliould otherwise nCTCr know 
ivhere to begin, or wlien we had como to an ond. 

There are mauy way3 of setting a crowd in order, bnt 
they all go upon the same plan. The individuals com- 
posing tiie crowd are parcelled off into companies, each 
cOinpiiny having a distinguishing mark peculiar to those 
who compo.'^o it. ThuB tho fii'st divieioa is into a few 
large eompaiiies, which aro afterwards eubdivided into 
smaller ones, and those into othere still Iras, until the 
divisiooa havo gone far enough. And this is what is 
called a dasslfimlion. 

Let us imagine, as an example, a large crowd in a 
public garden ; I will soon classify it for you. I shall 
put the men oa one aide and tho women on the othtr, 
Then — to begin with the women — I shall subdivjdo theni 
into married and single. Then among married women 
I ahall make a company of mammas, and another of those 
who Lave no children. Araorg tho unmarried I sTiall 
have a group of those who have never been married — 
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gtrla, lliat is — and another of widowe — those who wert 
once married, l>ut are so no longer. Then, following llie 
girlf, I elmll sejmrate them into tall and short. And 
among the short ones I shall divide the brunettes from 
the blondes, anri so I shall get at last to a little blo&do' 
girl, Trhosc dassi&ottioQ (were she a soldier) ia military 
rank would he as follows : — ^qitadfon of blondcs ; (^m- 
pcny of aliorlfl ; UtV^tUon of girls \ re^mmt of luimarried 
Tomen ; division of women. The division of m^a could 
be carried out in tho same manner ; and tlias we should 
clasifj OQT mob into complete military order. This is 
easy enough, however ; but the classifying of animals ia 
a very different affair, and I will tell you why. Wc gup 
scItcs require a classification to study them by, tboujrli 
none woa needed for tlieir creation^ The Almighty has 
formed tliem all on ono oniform plan, aroand which He 
has, if I may eo cspresa it, lavished an infinity of moA'i 
fications separating Bpoeica from species, yet without 
ptadng between the different species those filed barriers , 
which wc should require now to enable us to classify! 
them strictly. You who are learning the pianoforte | 
have perhaps been told tlio meaning of a thane of music 
— the first idea of the composer who follows it through 
out the piece from one cad to the other, embroidering 
on it, as on s. bit of canvas, a thousand variations melt 
ing one into Einotlier. Such is pretty nearly, if we maj 
venture the comparison, tho way in which wo can pietarr 
to ourselves the Almighty moving through the wort of 
animal creation. Step in afterwards and divide away 
into regiments and battalions, if yoa please. Nature 
permits it, but eho will never, to accommodate your clas-j 
flificationa, separate what in licr is really united. 

There ia still a way, however- and that is to do as 1 
did just now in tho ease of the erowd. To taho riz..j 
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ily OTbe ehamcUr (m wc call a distingoisliing mark in 
natural history), and to throw togetlicr all iLo individ- 
uals which possess it, the tlondes, the shorts, the gifls, 
4c, In this way ib may soon be done ; but what is the 
result? You are in oDe class, your eldest sister Is in 
flnotlier, your mamma in a third, and your brother in a 
diSercnt division altogether, a long way &om you all. 
Snch a classiGcation is called artificial, and you can sec 
at once that it is worthless. 

The m-ost natural plan ia to put togctLer those tLat 
arc of the same lUiuily ; and the clasaifioationB made on 
this principle are called mdural class! licationa. 

It ia a classification of this sort which has lieen adopted 
for the animal kingdom. People Iiavc taken all the ani- 
mals which possess in common not one cbaracter only, 
but a collection of characters of the most important kind, 
Uominuni ckamcCers, as they arc called ; and of these ani- 
mals tliey liave formed, to begin Titli, large primary 
wroups ; subdividing these afterwards according to the 
secondary differences, which distinguish different species 
ia the same group from each other. 

In this manner all the different sorts of animals are 
iucluded in different systematic diviaiona of one vast 
whole, through which it is eai^y to find one's way, be- 
cause there IB a beginning and an end ; and in which 
animaU of tlio same family aro always grouped side by 
side. Were I to mention all the diviaiona of this im- 
nicn'fC classification at once, you would find tlie account 
n little long, and not very amnain^. AVc will go through 
them by degrees therefore, and, to simplify mattors, will, 
Ihroughont tho whole, only consider those partioulnr 
charncterd which are connected with our special study, 
the DOurisbment ot life, that ia to say : so that yon will 
ftlwaya find yourself on well-known ground. 
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I must tG]I jou OEce for all, bowCTCr, that it ia witli 
this as it is with gratmnar. IlBre and tiiwe an3 — and 
it cannot be avoided — certain exceptional cases which 
keep proteatiag timidly against the ai'hitrariness of 
rtilea ; but no matter ; ise must be contented with wliat 
WO ctLo get, and be grateful into the bargain to tboso 
who have given us this ekilH'iU classification, at onco so 
ingenious and useful, in spito of its inCTitablc impGrfec- 
lions. What ia impossible is expected of nobody. You 
could not understand, even, if I wished to explain it to 
you, the amount of science, labor and genius requisite 
for making oat that long list, which, tiresome aa it may 
3ecra to children, ia absolutely beautiful in the ejea of 
learned men ; too beautiful, perhaps, and I will tcU you 
whywhonwe have linisiied. Meantime, as the beat I'o 
word we can give to those who have done us some great 
service 19 to teacli their names to children, I will tell 
you, before bidding you good-bye, to whom wo owe this 
claseification, the details of which I do not enter upon 
to-day. 

In tlie firat place, we owe the method employed in ite 
establishment, the method of nn/iffflJ das-s-iJi'aUwn, ue., 
to a Jearufld man. of tfio last century — a iGarucd FrencL- 
man, Bernard de Jussieu— who tried it upon planta ; 
another large flock by no means very easy to put in 
order, as you may couvinco yourself any day by study- 
ing botAuy. The man who applied this system to ani- 
mals was also a learned Frenchman, the clearness o) the 
French mind adapting them peculiarly for that eort of 
work. And he, too, is OLO of the glories of that nation, 
Hia labors and disco\'erie3 gave a perfectly new impulse 
to the study of nature. It was George Cuvier, whoso 
statue you may see at Jlontuijliard, If yoa should ever 
go there. Not that Cuvicr carried through this gtgautic. 
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work alone, though the ciedit of it is justly his due, ho 
having directed and inspired it. He was assiiited by 
many. But among his ai^sistants there was one, Lauril- 
lard, the most modtst, yet the most active of all, whose 
name I will mention also, because, like the others, morp 
tT less celebrated, he has never had his reward.* 

* Id tbe earlier editions of tius work, there was, in this place, a 
lerera repioach upoa Cnvier for not having g^ren proper credit to 
Iduiillord. This reproadi I have rince learned was unjust. M, 
ValendeimeB himBelf, one of the most illuBtrious of the coUahoratoiB 
of the great Cuvier, has vrrittea me a lettet ia which he defends 
the leputatioQ of bis iriend with a wana indignation which does 
honor to both of them ; and cites paseages in which Cuvier has 
spoken of I^urillard, and among others, in the third volome of tbo 
Otaementi Fotiiles, p. 82, ed. of 1822. 

It onlj remidns for me, therefore, to let the lash, which I was 
laying apon the shonldera of another, &11 now upon my ovm, and 
to deplore the too great facility with which I bad credited, without 
BofScient proofs, an assertion which I had otherwise good reason to 
believe to be exact — coming to me, as it did, from Montb^Ilard bim^ 
Belj^ on the testimony, it is said, of the family of Lauiillaid. From 
this avowal, a little painfol, 1 confess, my young readers may learn 
the inconvei^ence of rashly condemning others I As I stud in the 
ecmclading j>aB8age, which troth, only too late, now compels me to 
vrppress— " The truth is soie to come out at last." 
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I'o you romcmbcr of my talking of the verlelnd column 
wlicii I was describing tlifit great artery, the aorla, to 
which it forma a rampart of defence? I should notliavo 
niLincd it without GX])laiiiiLion, liat that you had only to 
jiiiaa your hand down your back to find out wLat it was. 
N')w the vertebral column, or backbone, Ib one of tliosc 
dnininanl charudent which always carries alony wltli it 
a train of other pointa of resemblance in tlie animals 
where it 13 found. It hag bcea chosco, therefore, as 
llie rallyitig-point of tho lirst great group. I moat tell 
you beforehand that there are four of these groups, four 
large companies, i.s., which ndturalista have called bj 
various names ; as Groups, Sections, Primary Divisioni 
and even Branches ; in tliia case comparing tiiem to 
four great brandies of a tree, going off in different di- 
rections from the same ti-iiuk. 

And, first of all, we have to begin with the group of 
the Verlebrakt — ycrtebrata animals — vcrtcbrata being a 
word which explains itself. 

Of Course we Oiif&eh'es belong to this group. In fact, 
we are at the head of it ; but it deaccnds far below oa, 
It goca on to the frog and tho fish, and includes the 
monkey, the ox, the fowl and the lizard ; for all theas 
creatures possess the vertebral column. The frog docs 
not appear to be very much like U3 at first aigbt; and yet, 
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rtue of it3 verteljra, it has ita points of resemblance 
to 113, whicli arc worth tlie trouble of considering, 
Tcrtebratod animals are all furnislicd with a Lead, 
containing n brain, wliicli gives its orders to the wliolc 
body ; tliO}- have all an intoroal skclctou, tliat 13 to say, 
a system of bones linked together, forming a solid biwo 
by which oU the organs are supported. I waa Roiug to 
add that tliey have all four limhs ; but hero tlie serpent 
glides ia to call tne to order, nnd to hiss at our childish 
craving for fine-drawTi divisions, in perfect order, whore 
^therc 13 an exactly proper place for everything. Uow- 
Sver, each lias, willioat exception, a heart, with its net- 
work of lilood-vodjcls ; red hlood, under its two condi- 
tions of arterial and venous ; and also a digestive tube, 
acting, oa the whole, pretty touch like oar own. I do 
not-insiat, mind, upon t!iig last point, viz., that of the 
^digestive tube ; for we shall see, bj-and-by, that it 13 a 
eharacter beyond the pale of the primary groups. It 
h the fundaraGntal character of tlio trunk itself, wliich 
necessarily exists, therefore, in all tlio groups j and, as 
I told you in my first letter, jou will find it CTcry- 
where. 

This ia — ^to let you into the secret at once — the theme 
itn which the Great Composer has based all His infiaite 
variotiea of animiil life; and liepein lies the uniforaiity 
of the animal creation, that startling uniformity which 
has givea so mucJi offence to many learned men, and 

fbich is so obvious that it will strike you of itself, I feel 
(Ore. Bat I reserve this subject to the end of my let- 

srs, when jou will have heard all, and be able to judge 

>r yourself. 
It would be planning back into confosion to attempt 
lo examine all the vcrtebratcd classes at once. After 
making a division you mas.t go on. The groups havOj 
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therefore, "bieii subdivided into fice dusies, whicli wo will 
Btudj in succession, only naming eacli now : viz. mam- 
wuds, birds, repLilea, JisJij and hatrachiatis. Dg dqI 
alarm yourself at tliia last name: it is a Gi'eck word, 
meaning Bimply &og3. 

The mammala are our immediate neiglbors. Mam- 
malia aro tlie aTLimals wliicli produce millc. Tlioy bring 
forth their young alivfl, and give suck to them tu soon 
as thty aro born. Tliia was youi" fli-st nourlshmenti 
my dear child, so you yourself are a little mammal. 

What I siiid to you in the last loiter atoat the horse,' 
applies pretty nearly aa ■well to all mammals. We sbaC 
not, iLerofore, have any great variations to notice her». 
Nevertheless, as tiicae arc the anitnala wliicli intorcal 
most nearly, os they are in fact our nearest of kin, so to 
Bpeab, and those with whom we lave the most to do, we 
will now pass in review the differeut orders of whicli 
their class is composed. I must explain to you that tie 
classes are aubdivided into ordei-s, tlfcC orders {nXo fitra'diii^ 
the families into ^(i^e^'it, the genera into species; as in 
armies divisions subdivide into regiments, regiments in 
battalions-, Ac. It became necessary, moreover, to mate 
use of special names, in order to make these Bubdivisiona 
oomprelienaibic, and the following am thoao which ha 
been adopted. 

Obdee. 1. Bimana (two-haauled). 

Hero we may pass on at once, for we linve diaenased 
this order enough already. Wc are Itiiane carsclYca, 
since we liaTc the distinction of possci^sing two handa. 
Yes ; that is the pretty title which the professors have 
been so polite as to give us, instead of leaving m simply 
our proper name of man. Yet it wouid have been very 
easy to do tliig^ seeing- that we aro the only family, tin 
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genua, and t!ic only speeica of tlio orJei-. In rail- 
^ way travelling, people of distinction liave a reserved 
■ carriage to tbemselvra : bo we decidedly defierve an 
' order to ourselves ; but that is- not quite the same as a 

i separate kingdom. In short, you are a himane; so make 
tlie bffit you can of it. 
Obdsr 2. Quadrumana (Jhur-handeot). 
These, as their name indicates, have four hands : two 
at the end of the arms, ami two at the end of the legs ; 
, Buch are the monkeys. There is nothing to remark ; 
khey are all alike. Stay ; I am wrong, thougli : tdere 
13 Bouietbing, insigQiHcaiit it is true, but still pointing- to 
deviation. In pome the cauiue teeth are set forward, z. e. 
prajcct, and arc longer than the rest, and Bome epeeiea, 
BS tlio ape, for iustaiiec, have just under their cheekB 
[convenient little poclcefs, which open into the mouth, and 
[in which they ean deposit a reserve of nuts to be de- 
voured at leisure ; thrae are coMcd pouches. 
^^ It 13 a ti-iJle in itself, bat wo kavo hero a first example 
Bof the eccentricities of nature in the construction of 
aoimalB. At one time she adds a detail f at another 
^ Bhe BupprcBses one. Sometimes she is pleased to enlarge 
Han organ, as ia the eaulne teeth of the monkey ; some' 
times she reduces it ; or perhaps here she makea its con- 
Etruclion more simple ; there again more complicated : 
but still it ia always the aame organ. So the dressmaker 
shapes the sleeves of a dresa, sometimes opci],goiaetimea 
closed, flat or puffed, plain or ornamented, pagoda-shaped 
OT g;igot-rormed : but still they are all of tliem sleeves. 

Order 3. Cheiroptera (wing-handect). 

I am quite ashamed of offering you eucli n word aa 
thi§, my dear child. It was a Greet fanoyof tho learned 
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mou, who would not condescend to use the vulgar nime 
Bats. In fbe Greek, chcir means liond, and ptavn wing, 
The Cheiroptera are aniraala witli winged hands; in 
fact, the fingers wbicli tenninate tho fore-limba of tlie 
bat kngtheti as tLey spread o«t to an estraTogaot ts 
teat ; and arc coaticctod togetlicr "by a membrane spring- 
ing Ijom t!ie body, wUii winch they bnat the air as with 
a, wing, and which enables them to Qy witli such Gaao. 
tliat tliey arc oftea taken for birds. 

But, so for from really being a bird, this carious Ultle 
creature liaa the same internal organization as ours, and 
indeed cornea so near i^, though without looking as if it 
did, that a scieoliGc man, and a very distingnitilied one 
too, placed tlic bat in the flret family of the anima 
kingdom, with the monkey, and, you will hardly bcliev<_ 
it, with man. It is found that the bat, like man and 
the monlcGy, suckles its young at the breast ; and it wad 
this very character which Liuusus, the leader of arti- 
ficial classifieation, thought of selecting- as the distan- 
gaishing mark of his firat family in the animal kingdom^ 
it ia true that in honor of the human race ho had givd 
that iirat family in. raucli mote sonoroua Darao than on 
usual one of man — viz, 'primates, the first in rank — thif 
13, the princes. Bat, alas! we were to bo princes on an 
equality with bata ; and, for my own part, 1 prefer being 
a ii'mane, and alone. I really believe that it was to put 
this eancy little creature back into its proper place tliat, 
at the time of the great revolution in favor of natural 
classification, the conclave of professors assembled at 
the Botanical Gardens in Paris inflicted this horrid name 
of Clieiroptera on the bat, ejecting it contomphiously 
from the OTcrthrown dynasty of the primales. 

I iiavo not been sorry to make you acquainted aa we 
went along, with tins little trait in the history of claaeifi 
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'cation ; but beyond it there is really nothing pai'Licalar 

to t!ay about the apparatus for tlie nourL^limcnt of tlio 

deposed bat^prmces, wliich. is a plain proof how nearly 

it must bo like our own. Ey-tho-by, there is one trifling 

remark to be made with regard to her teeth. The bala 

■we have in oar country (France), for there aro many 

varieties of species in the world, live on insects, vhich 

they cateh in their flight by niglit. Those inaecta aro 

often Gnvelopsd in a very hard ontor ease, which molfirs 

liico ours would have some difficulty in ehfiwing properly ; 

coTiserjueiLtly the molars of our little friend are fringed 

^with conical points, and with these she grinds dowTi her 

^prej witliOEt difficolty. 

I In America thcro is a large bat, tlie yanipire, ivhich 
H|ire8 on the blood of animali^, and nature has armed it 
^accordingly. It has at the extremity of its muzzle two 
sharp beak-like incisors, like tho lancets of a aurweon. 
The vampire bat, whieli roams by niglit like other bata, 
goes straight at the large aoimals it sees asleep, deli- 
cately opens a vein in the throat without waking them, 
Hand suclcs their blood in long draughts, taking care, by 
fanning them with its wings, to lull them into a cool and 
balmy Blumber, It does not, as you sec, make a. sayagc 
attack on its victim : it merely inflicts a bite liko that 
of the loedi, but tho result may be death. This is tho 
best emblem I know of tho sycophant, who undcrpiinca 
Hjour 3ohI while he fans your vanity ; and observe, while 
^■we are on the subject, that this species has always had 
,the art of insinuating itself among princes- 

Oa&EB 4. Carnivora {jiesMaten), 

When translated into English, this word noeda uo 

explanation. And here wo have tho tribo of oearg, 

, ffolvts, foxes, weasels, dogs, catJ, tigers, lione, of all 
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the Bgiiliag aniraala, i.e., th as o which stoep their mut ' 
zlca m blood, and live by devouring otheps. TLcae i 
nave a similar apparatus for nutritioa to our owii^H 
especially tlic "bear, wlio, with the monlcey, is the animii^^ 
ifl03t nciu-Iy rcacmhling' man, seeing that be has feet lil 
ours, with scarcely any tall, while the monkey has o« 
hands, witliout specifying any otlier points of resem-" 
bianco. Like onraelves, too, tho bear is omaivorouj ; 
that is to Bay, it oats Gvcrytbing, vegetables and fruit 
well as meat ; and nature, which lias givea it our diet, 
has furnieheJ it with molars almost exactly like our 
own. lU canine teeth alone differ from ours : they arc 
more prominent even tliau those of the quadrumana ; 
nud iliia ia tlio case with all the mcmbcra of the order, 
in whom wo lind them sometimes developed into actus 
dajr^cra. Cat those of llioin which are purely earnivo^' 
0H3 la\n molara pecuHai to themaelvcs, TJie lion, for 
c^soiDplii, who does not share the boar's taste for carrots, 
and who would die of hunger surrounded by tho honey 
and grapes of which tho bear is so fond — the lion, who 
never takes anything but raw meat between his teeth, 
liaa molara fnrnislicd with sharp cutting edges, intended 
to slici; the meat like the chopping hnivea used by cookfl^i 
for making a hash. ^M 

The lion offers another peculiarity, which is common^^ 
to him with all the Caruivara,. Place yoar fino^er close ^i 
to the lower end of your ear, and work your jaw ; yoo^H 
will feel something hard moving backward and fo^^^ 
ward against your finger. Thia ie where tho lower 
jaw is set into a bone of tho akull, called tho temporal, 
if you. care to know its name ; in other words, tho bona ' 
of the temple. Tho oslremity of the jaw benda, flDii 
Ibrms a kind of little knob, called condijle, which titvi 
into a cavity of tho temporal hone. With us tbo cavity] 
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is not very tlfinp, nor Q\a kuob Tciy largo, so that it can 
play Terj freely ; aud it is tUis wliicli allows u& that sec- 
oad moremeat from sida to side, of -which I spoke to you 
formerly, and thanlis to -whicli, our little mills reduce a 
mouthful of bread into pciBtc. But Ihi^ freedom of aetioii 
haa also its inconveniences. You most never atteoijil 
to forcG too large an article into your moutli at once— 
an apple, for iustancc — Lhc efforts you would then be 
obliged to make might easily cause tko coudt/le to slip 
out of its little cavity, irliere its hold is but slight, and 
to get under tltO kmporal bouc; and tbcrC yOU WOlild be 
with your mouth wido open until the doctor arrived. 
The lion, who^e voraeiom? jaw opens like the door of an 
oTcn, go thtit the tamers of wild beasts have no scruple 
in tliruating m theirwhole heads, a mouthful a good deal 
larger than an spplc j tlia Hon, who has no doctors, 
would often be liable to this accident — an irremediablo 
one in his case — if nature had not made a Bpccia-l pro- 
Tision for him. In order to secure greater firuincsH and 
Strength, the second movement is in his case sacrificed 
by embedding tbo eondj/les deeply Ln thcii' cavitieg, whore 
they are fastened in such a iKsliion Ihat fhey can only 
move up and down, like the handles of a pair of pincers. 
This 13 a restraint which enables the jaw to bo safely 
thrown open as wide as the iiery impnl5e of its terrible 
proprietor inapela it. Less, freedom, in exchange for 
more power, is a bargain which any one would gladly 
accept ■who plays tho part of a lion ! 

I have hero a remark to make. We have now passed 
in review three orders besides our own, and have only 
had to point out a change in the fastenings of the jaws 
and in the teeth ; and you will find that Ihe same gort 
of modifieationa lake place in the whole cloaa jf manj' 
m&ls. This is in fact the essentially moTablc and va^ 
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riaTlle point in tlieir apparatus for nQtrldon. Tlie jaw 
and ilB' weapoas vary their elinracter from oue spcc'na to 
another, according to the nature of their fnod ; bul lUi 
modifications gonerally tcrmiQats there, i.e. on tiic 
tlircshold, as it were. The interior arrangemeuta oftiie 
house remain otherwise mucli the same in all. 

Here, howcveri in the liou, there ia an interior ehatiRe 
to ha described ; but not in tlic arrangement of the parts, 
only iu their aizc ; the stomach in this speciea being cvctt- 
smaller and weaker in prtiportioa tlian oms, and the di 
gcBtivo tnbo raoro tliau twice us short. Tho digeetivo ^i 
tabo of an ordinary sized man is about seTen times the^| 
lengtli of his body, wIiilsE that of the lion only measures ^H 
three tiBiCT tho length of the animal. Tins Is a natural 
consequence of the kind of nouriahment he (alecs. Flesh , 
and blood, on ■whidi he lives cutircly, i'^ concentrated 
aBmnen, prepared bcrorohnnd in tho bodies of bis vie- 
tiins ; so that no great preparation ia needed liorc to 
convert it into lion's blood. A professor of cliemiatry, 
who has a good astiistant, does not need a voiy large lal*- 
oratory. This ia the case with the lion j and nature, 
wldclLmaltea nothing in vain, has licrc economised space. 
Tame the monardiof the foroat into a domestic aniraal, 
and change Lia food, and I will wager anything yi 
plcaso that, in the course of a few generations, bis dig* 
tive tube wil 1 lengthen itself. Examine the iosidc of the 
eat, hie little cousin, formed originally on the eame pat- 
tern as himself, and, without having asccrtaiued thcfact 
raysolf, r am sure Ihat, by dint of feeding It daily on so[s 
and milk from generation to generation, its digestive 
tube has become more than tbreo times the length of ita 
botiy. 

Here you ought to bo lold aC once a very importaal 
fact relative to the organization of the lower animala. 
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one which places them all very far below the order o(Bi- 
moTia, Eilnce there is snch an order. In bestowing intel- 
ligence and freedom of action on man, the Almighty has 
given him the unspeakable privilege of working in His 
footsteps — ^if I may presume to use the expression — of fol- 
lowing up His work of creation as it came from His hand. 
Now especially that man begins to see a little more 
clearly into the laws of life, ho has entered more di- 
rectly into the posaession of this almost divine privilege, 
which the Almighty has graciously vouchsafed him. 
You can even, now have an ox or a sheep made to order 
in Bugland, giving your dimensions, as if yon were or- 
dering a cabinet ; and in a few years, if yon have not 
asked actual impossibilities, your commission will be ex- 
ecuted to within an inch. This is not said in reference 
to the Camivora, But in bidding you good-bye, my 
dear little mammal, I could not hear to leave you under 
the weight of that debasing title : I wanted also to show 
vou your grea'jiess. 
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MAMMALIA. [Mammals)— coniinued. 

Let us contiauc to pasa iu renew the different ordian 
of the class Slaininulia. Wo may meet elscwhcto wilii 
facts moro iniiJortaDt to science, but powliero with any 
eo personally iutefestiug to oiirselvog. 

Oei>eb 5. Taaeotiavrd (hiseei-eakrs). 

This order devours insects, as llieii- Bame tolls yoa 
plaijily euongli. They feed in the beiqiq maimer na the 
bals ; consequcutly tlicy have molara like tLcii-e, as "VFas 
necessary. It k an unimportant little family, and VB 
wilt not waste much time upon it. Tic chief of the 
order ia the liodgehog, a. native of our country — noB 
very largo, about nine inciios long — whieh lives in the 
wooda, and which when rolled up into a ball, with all 
its quills ataadiug out, loots very much like an enor- 
moo3 horaO'Chcstaut iu its shell. Ita canines have not 
much work to do, consequently they are very small ; 
but, on the otlier hand, its two front incmors are pro- 
longed beyond the others, the better to seize its prey, 
which creeps upon the ground. Internally there la noth- 
ing to remark upon. 

Next to the hedgehog I will mention as a curiosity 
the slircw or saod-mouse, which, in spite of its name, is 
no mouse at all, but has the honor, if lienor it be, of 
being Ihe smallest animal known of ihe class Maniinalia, 



MAMMAUA, 



267 



It is abou'- two inctos in length altogotber ; and if you 
eaxefully esaraine its littlo body, you will find tliat it 
contains all the orgaua you possess yourself — reaopbagas, 
stomachf liverj intestincSf veins, arteries, licart, lungs — 
nolbiug is wanting : the machinery ia absolutely tLe 
Satuc. 

Order G. HodejHia (rodents). 

Were we to translate this word into its meaaiBo^, 
namely," the Gnawers, there would bo some comfort in 
it, for we would at once know wbat it means : lnut no 
aatter. Rodeni3, or Gnawers, ai'e rats, hai-cs, rabbits, 

'leavers, marmosets, squirrels, in fact all tlic creatures 
■wliicii nilibU. To nibble, if yOu do not exactly nnder- 
BtflTicl the word, means to cbeT7 with the points of the 
teeth. The rodents have no other way of eating but 
by filings if oue may so say, their food with the points 
of two inciaora witli which both the jaws are provided ; 
these incisors are very long, much longer even than those 
of the Itedgehog. The next time yon sec a rabbit at 
tabic, ask to see the head ; and yoa will find that it 
baa four pretty Uttlo teeth, very sharp, shaped like a 
joiner's chisel ; that ia to say, with a "bevelled edge," 

|;to GEO the received esprcasioQ ; in other words, witb one 
edge thinner than the otlier. 

Here, then, we begin to diverge from the old model. 
First, tliere is a different fastening, or articulation, aa 
it is called, of the jaw. Its cmuiylcs, which wo saw 
just now in the Garniaorti enlarged transvcraely and 
lecply embedded in the fosscE or cavity of the temporal 

' bone, cit-eiid here longitudinally ; an arrangement which 
enables the Jaw tomovehfLckward and forward at pleas 

lure, like the arm of tlio locksmith wlicn using the liJe. 

fl'urthermorc, those little teeth, wliich are constantly 
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nibbing against oacb other, would be very soomfonT 
out, if, lilte our own, they wftrO made OnCC for all f ac- 
eordlngly their germ, or jfulj}, to iiso the proper term, 
ioatead of porit'hiiig', as with na, wlien Uie tooth 1)08, 
OQce corao, reUiins its life, ami worlis on tbrougLout the] 
life of t-ho animal. They sometiinos say of a mauiifhoj 
ha^ not eatcQ for a lonjj while, that his teeth have grown 
loiL^. Tliia is a joko with us ; but in tlio case of a 
ro'/cni would be too aerIoa'!i a matter to be a joke j for, 
ag their incisors arc alwajs growing, like oiir nails, they 
would soon become too long if the auimal ceased for 
any length of time to wear them dowu by eating. It ia 
for this reason Uiat rat^ und mice have Eueh incessant 
appetites, and that with them "all la fiah that couios to 
tlie net;" old Tjooka, rags, and even planks of wood, 
which they will gnaw for wJiiit of something better. 
Oomo what may, they must keep up at an eyual rate 
the wear and tear of the incisore, and titc internal 
^owtli of the pnlp beneath, which is always pushiag 
tlio tooth forward. This duU continuous work might 
otlierwisQ have a terrible result, wbicii you would never 
Huspeet. It is very diyastrou? I'or a young lady to loae 
a front tooth, as it is called, for it Badly Bpoils a pretty 
faw3 ; but for a rodeiU such a loss ia much worsQ ; ia 
fact, it is a death-warrant. The corresponding tooth, 
having no longer anything to rub against, ceases to wear 
out ; aad as it does not stop growing on tbia account, it 
lengthens indefinitely, uutil at last it pushes out bejondi 
the month, and places itself like a bar between the two 
remaining teeth and the food of the animal, who, poor 
oeast, being unable to eat, ceaaca to live. 

The canines, whose dntyitia topierco the food, bavCj 
of coflfse, no use in a jaw that grinds, nor are thoy to 
be found there. Between the incisors and thomoloif. 
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there is a large vacant spacG, wliicli yon will easily de- 
tect if you examine a rabbit'a bead. 

Finally, aniraals wliicli can fall back in time of need 
on a plank for their dinner, require a very different- 
sized cooking apparatus to tbat of the Ckirnitora. 
Tims tli-c rat, the uioat perfect sample of ike rodent 
order, possesses a digestive tube of a prodigious length, 
through which the scrapings of wood have plenty of 
lime foe ti-avcUing, while tha minute cuti-itivcj particles 
they contain arc being thoroughly disengaged ; and aa 
every part of the animal organization tends towards 
keeping our insaliable rodeuU iu the constant state of 
voracity required by its inexorable pulp, nature baa 
given it an enormous heart whose size exceeds even 
that of its stomach. 

Perhaps yon do not catch at once the counection which 
exfets between the size of the heart and of tlie appetite ; 
yet it is Tcry simple, Large barrels are requisite for 
' those who brew a great deal of beer, and largo hearts 
for those who make a groat deal of blood. Now, it ia 
the blood, as yon know, wliicli carries heat ; in other 
words, life, throughout the body ; when it pours in in 
torrcnta, the fire goes twice as fast, and, consequently, the 
feeding must be kept up. A medical friend of mine told 
me that he once had some rats sent to him — a bosTall 
in fact — for one of those scientitic esxjorimeots which 
one would vcnlure l-o condemn more earnestly if their 
results were not sometimes beneficial. Next morning 
there were only two or tSuoe animals to be found, and 
these had eaten up the others. See the conscijucuca of 
havuig too much hejiil 




Ordeb 7. jPachydermafa {thick-akinncd). 

In Greet pachis meana thicTc, and derma skin. 
Pachjiicrms, therefore, arc tlilck-stmned aniinab. It 
IB rather a yagiio ilcnomiDntion, as yoa perceive, and 
does not tell ua mucli about tbem ; hut it appears that 
it was not very cosy to find a better tGrm. For my otq 
part I should lie Tory unich puzzled io fmd a oaiac really 
eaitablG for euch an irregalar company aa this, in wiict 
all t!io huge boaata of the earth— the elephant, the 
rhiuoceros, llie lilppopotamus — are heaped one upon the 
otbcr, eide by yidc witli tie horao, tlic asg, and the Iiog ; 
begging' yonr pardon for an ugly word. 

All these creatures live on vegetables, with the excep 
lion of the hog, to wlioin nothing comcs amisa ; or wlio, 
in other words, is ommi^Qrous, Hko the bear, and also 
another member of the elasa Mammattc, ■which I do not 
namo for fear of maldug jou blnsh, at your corapaQion- 
ehip. Ting assiires you that, in the order of the Pcmhy- 
dermata, the digestive apparatus is very fully developed. 
The horse, for instance, liaa a very voluminoug stomach, 
which cstcnda much farther back than the point at 
which the (esophagus empties itself ; and in which, on 
close examination, a sort of contraction ia observed 
which appears to divide it in half, producing the falge 
effect of there boipg two stomaclifl. But, after all, w^o 
do not find, even in this case, any essential difference to 
remark upoa in the internal nrrangementa ; it is alwajH 
tho teotli we must look at if we want to have something 
to say. There, indeocl, we have only to choose ; nature 
has indnlged herself in all manner of fantastic freals. 

To begin with the elephant, the grand master of the 
Order, he presents us with one of the motst oddly-fm'tiishcd 
[jaws in existence. Every one knows tbf)sc two eaor 
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moua Insks wliith protrude from Iii;! moutli, and -wWcb 
forniah human industry witli nearly tlie wLole store of 
ivory it haa need o£. Those two teeth are tlie largc?t, 
beyond comparison, of any in the animal kingdom ^ yet 
they lure two merely oruameotal tooth, perfectly useleaa 
|Lq the operation of eating, ^nd very rninous luto the 
'jargain to the proprietor. All those stores of the Wood 
which furnish the material for ivory pass into tliese 
tuske, and, aa often happens to people who give way to 
ft taste for luxuries, tlicre is nothing left wherewith to 
proyidcj tho anima,! with serviceable teeth. Those tuato 
of the elephant urc Qothiog hut his upper incisors, the 
only on^es, observe, which curve in coming- out of his jaw. 
In tho lower jaw he has no inciaora at all ; canine teeth 
arc entirely wanting ; and by way of dental apparatus, 
this meagerly-furnisLed mouth possesses on each side of 
eitlier jaw one or two mofara, enormous in size, but not 
of ivory. They are composed of a number of enamellecl 
nprigiit layers of tooth -substance {dentine), soldered ixy 
gethcr with a boay cement ; and thcso are our giant's 
only rtsourcc for chewing tho grass, yo'ing alioots, and 
leaves of trots, which are hia natural food.* As a con- 
solation, he has Iho glory of linowing that ho poesessos 
the very finest teeth in the world, the tcrroi of all who 
approach liim j and I can compare him to nothing so 
well as to a vain wom.an, who is contented to live on 
potatoes that phe may wear fine clothes and excite tho 
envy of lier neighbors, 

The liippopotaraus also has in&isora in the upper jaw, 
which curve as tLcy como Out of tho ffiouth; but these 
Qcver attain anything like the size of tito elephant's 
tusks, neither do tliey binder the development of the 

* Tbeae t«cth dio nevcrthslcss yevf effid&nt griudstonea 



other teoLh, of winch this afiimal has a very I'capetlfibls 

collection. Tho upper incisora bend dowQwarJ ; tliMO 
ill tiic lower jaw stand out horizontallj, and terminate in 
sharp fjoiiits like plough-shares; and indeed the lappo 
p)itaiuu9 usoa tliom fur tearing up tho ground in order w 
get at tlio rootfl which form its notriment. Th^ae are, 
besliles, formiJahlc weapons, witn which when enraged 
the animal can tear even hoats hi pieces ; for, as you 
arc aware, the hippopotamus is almost amphibious!, and 
browses on water-jilaots, and lives in the great rivers of 
Africa, its native couatry. Ita name alone would lav 
told you this had you understood Greek ;* but I hare n 
eorapEaint to make thia timo, for it was the Greeks theiii- 
aelToa who gave it. Ton would find it very awkward, 
would yon not? if you had to breakfast at the bottom, 
of the TLanies, and could not swallow a iworsol without 
having your noee (ilk-d with water? But the hippopot* 
atnua labors under no such inconvenience. Its nostrila 
are provided with two little doors, which it cI(Kes at 
will, and behind Ihia Bcrceo tho lungs keep qnito quiet 
while tho animal goes backwards and forwards in tha 
water. There ia generally a hippopotamus in every 
large menagcrio, Tho next time you visit oae look at 
him. You will see him with a large stomach almost 
trailing oa the ground : and no wonder ; be needs plenty 
of room in which to etow away all tlio eanes, reeda, anJ 
water-plants from the bottoms of rivers, which are not 
very nutritious food. Accordingly the stomach of tlia 
river-horse presents tho appearance not only of two com- 
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* Imroc e. Loise, and ^orn/ioc a river. Tho Grcefca, tvIio tad Boen 
tba Lippopotnmus in tlie Nile, in Egjpt, named it tlie rivej-liorsu 
«a al'terTruFda tlic liamimj called tlio clcpbuat tlio ox of Lucania, 
becauao they firat saw it in Lacanla dmiog ttia war with Fjt 
ihos. 
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like that of the 



horse, bat looTcs 



partraents, 

.were divideti iato tbree or four. 

I To conclmic my account of this animal, I most add 
tliat the ivyry of its tcctb is even more beautiful tban 
that of the dopkant's tuska, and that dentists carvo it 
into very magijificdnt teeUi for tlieir patients. Tiii.q 13 
QOt a matter to interest you much at present, but we 

»4ievGr know what may happen. I advt;e you, however, 
laever to make use of hipp&potamus'B tootli j they turn 
yellow Ycry quickly, and, when people are driven to buy 

. teeth, the least they can try for, ia to get good-looMn^^ 

[ones for theii' money. 

I should like to say something about the rhinoceros 

[while wG are on the colossal tribes, but it is a, xecj uu- 

I eatisfactory subject. The animal has no camneSf some- 
times no incLiOrs even ; somotitnoa it bai? aa many as 
thirty-sis teeth, according to the specioa, as naturalista 
aver ; and this ia all I have to say about this great lump 
of flesh, so misshapen outdde, yet so regularly formed 
within. He it ia who especially deserves the title pachy- 
dernuiCa, his skin being so hard and thick that bullets 

, glance off its surface. But this haa nothing to do with 
noi' present subject, any more than thft horn upon liia 
noBCj wiiose turn for description may eotne if I ever give 
you tfao history of the akin and all eouaccted with it. 

The hog also has caobies, and very strong ones ; but 
it is in Uie wild state, when it ia called a boar, that these 
appear in their real form. There we Hud them project- 
ing out of the mouth with a curve, aa is bo commonly 
aeon among the padiydervmhi, forming those t(?rribl6, 
sharp, and pointed tusks ivLich bare bcoa so oflca fatal 
to the hunter. The wild boa.1* of the forest is supposed 
to be the onginal ancestor of tho domestic pig ; and if, 
as is probable, this is really the case, we have hero a ro 
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inailtablo inslancc of the effect of man'a treatment upon 
tlie orgtitiisatiou of the aiiimnls ha collecls around him. 
The wild, boar lives only on fruits and roots, 'wiudi, Ilka 
tlio lii[ipopotami]3, ho tears up "witli liia tuata, those aafo- 
guards of his, amid tlie many perils of liia life in the 
wooda. In tlio service of man, on the contrary, he bfr 
cornea lazy, cowardly, and greedy ; unlearns his energy 
and combntivfiiioBa, oats all that is offered to Lim in tho 
trough, evon moat, when it happens to be thrown in; 
and, in order to do this more easily, lias recalled towtird 
bia mouth those Ibrmidable war-tuslia of hia, so tremea- 
dons aa weapons, so useless as teeth ; htm, in faet, tiirned'j 
Ilia sword into a fork. It ia tho caso of a. Tartar degc 
erated into a Chiuaniau.** 

This suf^gosls to me an idea relative to the horso, the 
last important momber of the ■pachydemnata wbioh 
mains to bo siKiken of. It also has its eaninoa, but vorj 
small ones ; they dl'iappear, so to speak, in a large va 
cancy between tlio incisors and the molars, where man 
inserts the bit, by means of which the animal has been 
aubdaed. Small as these are, however, these canines in- 
dicate that tlie horse might eat flesh, eauine teeth being 
tho distinctive attribute of the caraivorons mammals. I 
have read somewhere, but I do not rcmcaber where, that 
an unupual development of strength could bo itrodueod 
in the horse by feeding it on Qesli ; and the old Greek 
poets write of a kingf in tho barbarous ages wlio gnvf 



" China, abont wliicli we have hrtard a great deal of Iste yeiuB 
h&B Ijoea Bflvcral tiracs invaded, b/ tlio wuni-oi' hofdes <if Tai'lnry 
But at caeli lime, unto tho second and tliird EeneratSons, the Ton 
quislipra have taken the eOeminatc maiiuurB, tho criBtunie and lUt 
usageft of the \-aQ(jms5ic<3, and fe> man j- (lOnqmeBtB Lave only resuJtetJ 
iu converting milliuns of Tartars into Cluuew. 

1 1 Homed, Kinp of Thraoo 
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5is horses, men for food. If I kncir some rich professor 

• who was mclmcd to spend money in tie inTcstigation of 
a cnrioTia fact, I wonkl adviso him to set apart a sum for 
putting horses od a meal diet, from sire to son, gradually 
increasing the quantity ; and I iponld boldly warrant 
that in tlio coui'sc of succcssiTO ^eneratloiiF! the canines 
would become BO large as to impede the entrance of tliebit 
into tlic mouth, and, moroover, would make it rather a 
ticlilish offico fortliG groom to place itthere. But let ns 
Bet aside the teeth the horse might possibly have, in 
order to examine those it has already. There are sis 
incisors in each jaw ; these are long and rather project- 
ing teeth, by examining which, the age of the horse can 
be detected from certain marks which appear in thflnfl 
ijom year to year. The molars are flat, square, furrow- 
ed with bars of enamel, marking out more or lesa 
distinct crescents; perfectly constructed, in short, for 
chewing hay and oats. Nevertheless, I should novor be 
surprised to see the enamel crosconta bee-ome sharp-cntting 
in onr rich professor's stable; so skillful is the unseen 
Architect who created animals, in altering the house 
when the tenant changes his habits. 

OnoEB 8. Ititmiiianiia {i-uminatita}. 

1 shall retam through life a pleasant reeollection of 
the TuminanU. Through them I obtaioed the iirst prize 
for natural history which was over given in France to 
the pupils of the learned university. It is thirty years 
ago since this happened, and I own, without any falao 
modesty, that even now the word ?-uniinani rings very 
agreeably in my car. It reminds me of one of the proodfist 
moments of my life, of the iionov done to me by thu 
illustrious Geoffrey St. Ililaire, when he called me, a 
little colloge nrehin, up to him, that he might have a 
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nearer view, as he said, of the baby-professor who had 
Bpokeu so well on nuniuants. Yes, it is more than thirty 
years ago, for alas I it was in 1831. There needed no 
less an event, as I have told you before, than the revo- 
lution of 1830 in France to induce the big-wigs of ed* 
cation to sacrifice two hours per week in one class to 
the study of natural history. Yra, my dear child, it is 
only that short time ago since natural history became one 
of the subjects of study in French colleges ; and the gray- 
haired men of the present day finished their education, 
aa it is called, without having learnt a single word o( 
what I am now taking the trouble to teach you, a mere 
child. You see you have come into the world just at the 
right time, and will be able to instruct others in your 
turn. But before giving lessons to other people you musi 
first finish learning your own. Forgive me this involnn- 
tary reference to a happy time when I was not much 
more rational than you arc. And now, let us return to 
our ruminants — those dear, good beasts, the nourishing 
fiithers of the human race. 
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LETTER XXXII. 
MAMMALIA — couiin lied. 

Obdeb 8. liuminaids — conii'nuaf. 

EvEBT created tLirig- has an appointed part to perform j 
but there arc some injsterioiis parts of wliich wc cannot 
understand the drift. That of the runiiiiants, Lowcvor, 
is so clearly marked out, that wo detect it at a glance. 

To tjualify myself for supplying your young mind with 
fhe food I am. going to offer it to-day, I have been oblig- 
ed, tny dear child, to browse in a good many books of 
which you could Lave understood but Utile yourself; 
and I hare been forced to ruminate a long" time upon 
wliat I have read, and to digest it slowly in my head, 
which I may Bay, without vanity, is of larger capacity 
than yours ; no great -wonder at my age. NoWr if I 
have succeeded in my vindcrtaking, yoa will benefit by 
all the work whieh Laa been going on in my mind 
for tho purpose of feeding yours without over-fatigne 
to it ; and I shall almost liavo the right to say t!mt 
lis nourishment has been derived from me. BIy lamp 
could tell you what it has sometimes coat me to supply 

Iasiogle page which might instructj without repelling 
you. 
Now, this ia prcciaely what the rwninani doca. TL^ 
part Le lias to perform is to collect in the racadowa o 
sort of food which would <lisgu9t less well-organized 
(377) 
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stomcic^iS tlian his own, to work it well up wUbin Kim, 
ami to givu it back in a Hiorc palatable and leas in- 
digest] oIg form. TLg little flosh-etttors {cajiu-wm) come 
flfterwarda to Llio feast, and llio feast is Uimself ! 

Tlie wliole liistory, tlicii, of the vuratnant is to be read 
in his stflinach. Ilia real office is to digest, and in fiict 
lie tlevotoa tbo best lioura of bis days to tbu ijcrfccting 
of that bcneiicent labor, on which the life of bo many 
WCrtk stomachs depends, llavo yon evCr amuse-d yonr- 
aelf by watching a largo os lying dovrii ia a tae-adow? 
Long after iio hus fmishcd grazing, Ins jaw continues to 
work, turning roand and ronnd like the grliidatoQe of a 
painter when bo is rubbing down his colors. Look, 
and you ■will see tlmt ho will remain there for hoars 
togctlier, raotionlesa and contemplative, absorbed in tliia 
incomprchcnsiblo mastication, roHing aboat in Lis throat 
from time to time soiiio inviaiblo food, Do not laugh at ' 
him, however. As you sec him thcrO hc 13 performing 
Lis part in lifo, ho is mjnmaiing. 

To ruminate ia to chew over again what has been 
ready swallowed j and, however droll this may g:eom' 
you, it is the buginess which all mminanta are bom 
Ton remember tlio monkey's poach, wMcb serves him i 
a larder, whence bo takes ont liid provisions as he wantsj 
to eat. Tlie ruminant has an immenao pouch of tiifl 
same kind, into which, while hc ia grazing, be baatily' 
conveys large maasea of hall-bitten grass. You probably 
tbink ho ia eating when he has hia head down ia the 
grasB ; but you are mistaken. This is only a propara 
tory work ; Lo is liastily licaping up in Lis Ijvrdcr the i 
food he intends to eat by-and-by ; only his larder, iJ*^M 
stead of being, like the monkey's, in liIs eheeks, wLero, " 
indeed, there would not have been half room enough 
for those great tundles he tucks In, is in the middle of 
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MB "body, close lo tbe extrenuty of the cesophagiis, whoae 
lower wall, being slit attliat part, "becomea an imperfectly 
gecare iiibe, ready to burst open nndcr pressure, atil 
allow die food to i?3ca]>e between the edges of the slit ; 
ikcse, otherwise, remaining naturally closed. As soon 
lias tlie large bandlea of grass come to t-hia part, they 
[pres3 agiiiiist the walls of the tabOr which they by thia 
[means separate, and fall into tho promion-poucli, wliicU 
iTjears the name of pannch, or grasg-pockct, in fact. Aa 
Uoon as the paaiich is well iilled, and tlie animal sure of 
Ibis dinner, ho Wei down in some quiet corner, where lie 
Iprocecda gravely with the important act, which is the 
[ real object of bis existence. A little below the entrance 
Ito tlie pauncli, and comraunicating both with it and the 
'canal of the oeaojihagua, ia a second receptacle, which 
old French imtijralistg, not being iimcli acquainted with 
Greeii, named the caj), on aeeount of its fancied reaem- 
blanco to the caps worn on the licad, and which wo call 
' king's hood ' or ' honey-comb bag.' This second stom- 
ach now contracts (at lcaf*t so it is supposed), and thua 
retaioa, as if with a closed fist, a portion of the grass 
accomulated in tbe paunch; of lliis it forms a pellet, 
which it sends back into the oesophagus, and the oeso- 
phagus, by continued contractions Irom below upwarda, 
retarns it Ia tlie moutli, where at last the grassy lump is 
chewed in gooa eai'nest, and to some pnrpose. There is 
no necessity for hurry ; the ruminant has tio other busi- 
ness on the face of the earth but this, and thus hour 
after hour passes away, tiie food pellets rising one after 
another to the onslaught of the teeth. Nor do tlicy go 
back again until they have been reduced by long maali- 
cation into an almofst liquid j-aate, whieh glidos through 
the cesopliagus withont forcing open the slit, and falls 
Straight into a third poach, called by old Frenchmen the 



280 



UAMUALU. 



fra/on account of certain large fwlds, somewhat lilcci 
loaves of a book, wfciicb line tlie interior ; and kuowE 
to U3 aa the mamjplles. Prom tliU stotnacli. No. 3, tliia 
graas-pap passes into a fourth and last bag, which is cbc 
real etomach, and whore tho final work of digcation is 
ac com pi la lie i. Tliia fourth pouch also has a pretty little 
na.mo of the olJ-fasliioned sort, like the three otiiers ; it 
ia called tho reed or Vi^mnlrbnf}, from, the property it 
liosseesM, in tho calf, of turning milk into curds r and 
of his four Elomachs this is llio only ono which tho rumi- 
nant makes use of at first. Aa long as tho joutig am- 
mal is um-sed by its mother, the other compartment* re- 
main inactive and small in size ; they neither grow nor 
eaercise their functions until it begins to eat grass. In-i 
deed, they would probably entirely disappear, if any one 
would go to tliO *xpcnBC of keeping tho animal on milki 
all its life. If it ceai5ed to have finything^ to ruminate, 
natni-e would certainly lose no time in relieving it of ia 
ijscleag workshop of rnraination. ^| 

As it ia Eight to give every one his duo, I will men,'^* 
tion tliat we owe our aeeurato knowledge of this simple i 
and ingenious mechanism of riimination to the labori^f 
of Moureiia, a scientific T'reucliman, who is bUII alivo,^^ 
and who haa made a great many interesting iuqniries 
into the Buhjoct wo aro now considering, i, e., the life of 
animals. He ia a rery clever man into the barg-ain — so 
p&rfcct a master of his own language, that the French 
Academy has felt tlsclf justilied in opcniog its doors tfl^| 
him — an unheard-of honor for a member of the Academy^^ 
of Sciences. And yet, in ppite of all this, I heartily 
congratulate yon that the discovery of the paunch, 
eoj>, the leaf, and ilic rcnnd^r:i(j, was not delayed for 
arriyal. He ia just the man who might have beoQ* 
tempted, in liia capacity of profound scholar, to Imvfl 
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' limited up for theta in iha Jardin des racines grccque^, 

I four magnificent names, wliick would only Lave tcwil- 
d&rftd yon. 
Bcjond the rcnnet-bag; there is no change of confflp 
mation to note, escept that the intestinal tube is natu- 
rally much longer than ooi'S, on aeeount of tlie difference 
of food : a3 a general rule, it is ten or twelve times the 
_ length of the body. The sheep, wlio is able to pick up 
I n living in the poorest pastures, is indebted for this in- 
estimable power, whicli raaltes him the special blessing 
of dry and barren countries, to a still further peculi- 
arity of organization ; with him the intestinal tube ia 
I twenty-eight times tlio icTigtTi of the body. 
Wc have Eeen among t(i<i Ctirniuora, whose jaws Lave 
BO much work to do, that the condyles of tEie jawbone 
are sunk deeply into tbo fossa of the temporal bone. 
_ The ruminant, whose peaeefu! mouth ia formed for con- 
B tending only witli grass, ia organized quite differently. 
Here llie condyle ia flattened, and the fossa of tlic tem- 
poral bono very shallow, presenting to the condyle an 
almost flat aurface, so that the jawbono is enabled to re- 
volve with Case for tho better masiticatioD of tlie pollcta 
I of grass. Thia conformation ia also to bo seen in the 
pach>jdsnnala who feed Upon vcgetableg. In the horse, 
especially, whose food is almost the same as that of the 
OS, the articulalion (as this joining of the condyle to tho 
temporal bone is called) of the jaw, ia also nearly iden- 
tical ; and it ia the sime with the teeth, with very tri' 
fling variationa, those of all ruminants are con&tructcd 



• Your l>rotlior «nn toll jou. nliout ths Jardin da Taeima grcequa. 
It U n clianning littlo tooi, of which cvcjy geaenition of colltjjtmia 
luLB learDt, 1iy lieart, tho comic encement ; Ijat T Tiavo never known 
one, evon among tha most intrepid, wlo had ever Ijeen to tho end 
off It 
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on tl»u bJimc plan ss in the horse. The canines 
require a separate notice. 

But first I must tell you that, by some epecial privi* ' 
lege, the reason for which I do not undertaho to esplaia, , 
the order of ruTuiaante is the only one containiog animala 
with horna on their foi'chcailH. Stags, goats, reindeer, 
chfimois,ga7,ellca,rocbnclis,ox0D, buffaloes, all thebeaete 
with horned forolieads, bcjlong to the rumiiiants. Indeed, 
this faot would form a very convenient marli of dlsUac 
tiou between tlieta iind other, animals, wore there not 
exceptions to it. Some ruminanla have no horns ; and 
then, as if in couipeneation for tlic deficiency, we find 
them pi'OYidcd with canines in the upper jaw, in additioi^H 
to thoao below. ^^ 

The ruminaDt which has the most beautiful caxiines is 
the musk-deer, a ]>rotty little animal iuliabiting the high- 
landa of Central Asia, like the chamois of the Alps. 
But now that you know who he ia, you will probably 
often bo tempted to wish he had never existed ; for it i^^M 
from a small pouch below hia belly that people obtain that^^ 
odious Diusk of which Oriental beautica arc so fond, and 
which even certain strong-nerved ladies of our own 
country arc guilty of using in public, to the great det 
mcnt of general health. But enough of this ; our b 
neaa is with the canines of the muak-deor. They projecl 
with a descending curve Irom the upipor jaw, and woul 
give the animal the very false appearance of a sraa! 
wild boar, but for the great delicacy of ita legs, which 
are more slender than CTCn those of onr roebuck, 
whom, with the es-ccption of the horns, it bears a clo 
rcjcmblaucc, aa its name implie?. 

After the muak-dccr cornea tlic large family ot cameltf 
Rnd llamas, which represent— the former in Asia and 
Africa, the latter in America — the irregular groupfl oi 
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nmimants which liave canines instead of Lorus, and 

wliioli seem to bo placed as intermediates between ti-uo 

iruminanta and the pachydermata. They form, the con- 

Lnectiag lint between the fiorsc and the ox, and men 

[ prefer employing them as beasts of burden to using tlicm 

'a= butcher's m*at ; though one could eat them in their 

CiWQ coaatry with ksa diegList Ihau Eiu-opcans fool in 

making a meal of horscttesh ; so iLat they miglil, be a 

j very acceptable resource io many cases. The real fact 

is, that ruminants with boroa and without upper canines 

have more delicate flesh than tlie others, and seem more 

especially destined to bo eaten. Yet if one had only to 

look at the stomaeh, which is, after all, the dietinctive 

characteristic of the order, camels and llamas would 

Stand in the first rank as rutoinanta. Besides the usual 

characterof four stomachs, their paunch and honcycomb- 

"bag are fumighed witb lage cells which net 03 reservoirs, 

and fill with water whenever the animal has tb& chance 

Lof drinking freely, and from wlience in time of drought 

Ihe draws it up into his mouth and swallows it. This 

what makes the camel so Tahiable to the wandering 

in tbo great deserts of Africa and Asia. He is 

10 only animal who can pass several days under the 

borning sun of Sahara without drinking — or rather 

without appearing to do so — for be carries liia proris- 

Iion of water concealed from nil eyes in the recesses 
of hia body. I dare say yon have often heard stories 
of Arabs dying of thirst who have opened tho stoinacbs 
of their camels in search of a la,-?! draught of water. It 
iiius t bo a terrible thirat to drive a man to audi an extreiU' 
ity ; for, as you may imagine, one could not expect tho 
water there to bo cither fresh or clear, to say nothing 
cf the groat risk tlicro would generally bo of finding 
[tbo riKervoip empty. Such an oxtremo is never resorted 
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to till water liaa niilCLl for a long lime, and all the ! 
skin bottles liiiVG been ompUcd j and in eucb a case it 
fa Itnt too likely tliat the camel has Tollowcd hia m&stcr'e 
esnirplo, and emptiod Iiia ^'ater-skins for liis own Tisc. 
But this is only half the intomal fittingg of the "sliip 
' of the desert," as the Aiahi call him. In the deacrl i( 
is often as difficult to find food as water; and natmu' 
Las equally proyidcd for this. The hump yon see rising 
upon tho camel's back in your picture-books is liis safe- 
guard against starvation. It ia a huge mnsa of fat. l^M 
need say uo more. You will remember Mr. Liebeg'a^H 
pig, Tvliich lived 160 daya upon its own bacon. Without 
going quite such lengths OS that, the camel oaii keep wp 
hia fire for a long time upon tho fuel whicL the blood 
obtain'9 from thia blessed Immp. Sijiee ws are talking 
of this animal, and ho takes a remarkalblo place in a 
history of niitritiou, I ouglit to tell you that camels are^J 
2la:^3ed into two faaiilios by their hump : there 13 th^H 
camel, properly so called, which has two humps, and " 
the dromedary, which has but one. Thi3 latter did not 
require such a supply of provisions as the other, for ho 
is very mueli swifter of foot, and conaecLaQntly bis jou 
neys are more speedily perfoimcd. 

I have Dotliing pai'tLcular to eay to you about tli< 
other ruminants, in the matter of tbeir organs of jintri- 
tion ; but I will not quit the subject without reminding 
you of one thing which concerns nutrition, not their 
however, but ours. It was by the taming of the dome 
tic ruminanla — that unfailing dinner-material which no\ 
follows everywhere at the heels of hia master — that iiu- 
man civilisation began. Before that event, man, driven 
to depend for Ins living upon the hazards of the chaHO, 
spent hia whole time in Beekiug for food, and liad none 
to spare for the puraait of any other branch of industry. 
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Par as we may ascend in the history of ages ws shall 
find shepherd racca. Beyond tliem there is no history 
at all, nor could there be. The first leisure hours of 
man, and, consequently, his first efforts in art and litera- 
ture, date from the period when the ruminant animals, 
those special fabricators of nutritive aliments, were gath- 
ered around mankind, and worked out their destiny un- 
der the shadow of his tent, by his direction, and for his 
benefit. But all this is so distant from us now, that it is 
scarcely worth the trouble of thinking about. The hu- 
man race is somewhat like those old people wlio have 
lost all recollection of their childhood ; and young peo- 
ple are not required to know what their elders have 
forgotten. It is well, however, that they should not be 
quite ignorant on the subject. When you hear that the 
Society for the Prevention of Cruelty to Animals has 
taken up the cause of some barbarously-used ox or sheep, 
do not torn it into ridicule. Those humble species have 
supported ours from the first ; and yon should recollect, 
now and then, that human society made its first step 
forward when it began to keep flocks and herds. 
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itAKMALiA — continved. 

We como now to ammals less familiar to jou, and 
none of wbich inlial>it Europe. "We sliall therefore pass 
more quickly over tliom. 

OnDEB 9. Marsupialia (jjotuihcd). 

Marsupium is Latin for ptirea, poucli, or pocket. TBfl ' 
marsupiala are distingnialied fi-om other animala by & 
poacli whicli the motlicr liaa nnder hor belly, andl 
■wliich the little ones take T€rH;^o at the slightest alarm, ' 
You would, be very much intercstotl with their wliole 
atory ; but it has nothing to do with our present subject, 
which wo phould aoou lose siglit of if wo onco began te 
wander away. Thia order, so eusily distiogiiijiLcd othcr^ 
wise by thataiogular pouch, unfortunately for ua, offers 
iiothiDg now for observation. It includes several species, 
differing entirely from one another oa the subject of nu- 
trition, and closely resembling aomc already described. 
Some are both carnivorous and insectivorous, and are 
therefore armed with powerful canines, and with molara, 
like those of tbo bedgehog. Othera are herbivorou 
likohareg,and liave almost the jawH of a rodent. Among' 
the former wo have the opoasum, celebrated by Florian_ 
in one of his prettiest fables. The opossum inhabit 
South America.. Cliarming little marsupiala are lo Iw' 
f'>itud in the Molucca Islee, whence come the nutmeg and 
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tbe cloTc ; tlicse ai-c very like oui- squirrels, aud livo as 
they do, in trees, hunting Dftoi" Truit and insectg, Eut tlio 
greatest nam"bGr of marsapia!s belong to Australia, tlie 
real native land of tlie oriler. Tliey form by far tlie 
larger portion of tlie mammalia with which that country 
enriched; the moat celebrated amongst them being 

'the kangaroo ; an animal which is now becoming com- 

jnon in Eui'opean menageries, and which, excepting in 

le matter of its pouch, is nothing but a magnified rab- 

"bit, as tall as a man, and with a tail almoHt aa long aa 

iteeLr. As a rabbit, you know what its catlug apparatus 

lost bo ; and somo day, no doubt, the French AccLima- 

'tisation Society will caablo us to judge of ity flavor. 
It ia a kind of meat very likely to bo seen on our din- 
aer-tablea by-and-by ; and, as you liave plenty of time 

'before you, probably you may cat of it before you die. 

tOBl>EB 10. Edentata (JooUtless), 
Thffio come mora directly within our limits. They 
V classed according to their teeth ; yut if their name 
ere to bo trusted, tbey ought to have no teeth at 
ail. Whereas, alas ! almost all of them have some, and 
^J am heartily ashamed of their acientic designation ; but 
^klow can wo help it? The only really Edentata, i. e. 
toothless animals, amongst them are the antrealcrs, whoj 

toonsideriDg tlio nature of their food, are not much in 
Vrant of teeth. They feed among tbe ant-hilld, -whenoe 
tliey get their name ; aod aa they are a tolorablo sizu 
(from two to three feet in length), it wonld really have 
Bbecn quite a hardship npon tliem to have been forced to 
crunch tlie ants one by one at every meal. To get oq 
rapidly they catch them with their tongue ; but what a 
ton^e 1 Imagine a kind of long earthworm, lodged in 
Lb snout which ia elongated like a bird's beak, and haa a 
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very i^mall opeiung at tbc c:ctretuit)'. The anltetin 
inserts this long, Btriiig-like tongue into tbe croffded 
ranks of its victuns, anci, ns its surface is glatiaaas, thoy 
slick to it by liunrlrerls at a. time, and are swalloffcd at 
one gulp without a cliauce of escape. Tbig tongue, per- 
fectly uniiiuo in its cliaraeter, stretchca oat in its mut- 
dcroU5 cxertjoiis to nearly three times the length of the 
animal's long Lead. What a distance there seems l>^ 
twccn Huch a toague as tliia and your own litle door 
keeper I But no wonder: we have now reached the 
confines of the kingdom of 3fitm7naUa, and the ^ 
nature is beginning to change. 

The Armadillo, for iiistanco, which comes nest 
ant-eater, looks far more like the tortoise or lizard than 
its noblo mammalian bretlircn. It is covered with 
scalre ; and, to look at it, yon would say it was a reptile, 
in spite of it3 higher internal organization. As for 
teeth, it has certainly enongh of tliem to give the lie to 
iia name of ckniiiia ; hut they are not very setTiceahle 
onc3. They arc called molar?, however, because they 
are siitnatcd in that part of tlio mouth which is alwoTS 
assigned to molars ; hut they are miserable grindstones, 
very unlike any of which we have hitherto treated. 
They aro all of tlicm flattened cylinders, with no caamel 
bars to strengthen them ; are small and poor, and ore 
placed at rather wide intervaLa from one another. The 
poor armadillo munches with these, a3b<st he can, slugs, 
tender roots, and other prey of the same aort, with wbicL 
he 13 obliged to content liimself, and which do not 
quire very formidable tools. 

The most questionable member of tliis class is t' 
Unan, or Two-toed Sloth. It only wants incisors to he 
an toothless as ourselves I and the first time I saw it I 
tfjrtjk it for a little bear. It ia true I wai then yonnger 
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' ttan youarcnow j lor tlie bear, ivLo ia onoof ouriii^arest 
neighbor?, ought not to havo bccn confouiiLlcd witli tlie 
mihappy being before ik, oiie of the drudgea of the ani- 
mal creation ; though M. de Blainville (who Lad not my 
excuse) proposed placing it Btill nearer to ua, namely, 
■amongst tbo Quadrumana. Observe that instead of 

■ liands it has at the end of its fore-limbs only two enor- 
moosly curved elaws, "which have somewhat the appear^ 
ance of a gigantic fork accidentally twisted. Accord- 
ingly its illustrions sponeor offered it to the ivorld as an 

titregidar qumhnmaiin. I believe ao, indeed 1 Thia quct 
di-vmetm without hands — this edrntaU whoso molars are 
preceded by magnificent canines — this enigma of nature, 

■ created for the confusion and despair of all classifica- 
Htiou — dois, I must in all humility confess, completely 
H n|)sct the rule I laid down so Btriugcntly when epeating 
Hof tlic horse, as to the objects for which canine teeth 
Bwcre framed. The canine teeth of the sloth are more 

developed than its molars, and yet I cannot tell you 

»wliat they arc there for at all. It feeds upon the leaves 
of trees ; and old travellers in South America, where it 
iQUabits, have told ua thai, when it has once hoisted 

»ilself up a tree, it will strip it to its last leaf, and after- 
wards drop to the ground to avoid the troablc of crawl- 
ing down. This was what first obtained for it the 
»villanou3 name of sloth, a title ■which is certainly justi- 
fied by ita gait wlieu ou the ground ; for it ia bo ilt-mado 
that it cannot stand upright on its legs, but moves eluni- 
^ (lily forward by dragging itself on its elbows. It seems, 

■ however, that when onec in a tree it is a different crea- 
ture aUflgelher, and can aeramble Iiglitly from branch 
to branch. Moreover, if its claws cannot reasonably be 

I reckoned as hands, tliey are at all events excellent 

books ; and when it ia springinfr about thus in the forest. 

13 



290 



IIAMMALU. 



B03pcnded to tlic brandies by its long arnw, one iniglil 
bo templed, whiJo watcliing it from below, to decide i]i 
favor of M. do Blainvillc's opinion. I saw it origiualh 
mysdf in a ca^c. 

Aa to tlio sloth's relationship to tlio tirmadillo, thij 
rests upoh a dttait which bears directly upon our si 
jeot, Tho molare in both animala are ejlindriosil flD 
smooth, tliin is a ti'iflc, but whatwonld yonliave? TUeanP 
mal had tn be clasfied somebnw ; since nataralista have ihjI 
had the wit lo malco dotuclied companies, as tliey do 
regiments of goldiers. 

Obdee 11. Amjihibiil {two-lined). 

"We arc goin^' fartlifr and farLhtr aM'ay. IIci'O 
animaU who aro nearly half fishes (■^/J-^i? douhle, an 
Sfof Ufc). Tlic Amphibia Iiavo two lives : one in the 
water, which is th(;ir tnifl life, and wliore they are in 
their olcTnent ; the other upon land, where they can only 
crawl ; for their pawy, wliich are hut half dovclnpcd, aru 
destined to perform tlic office of Cns, and the hinder ones 
are extended flatly behind thera, aiid act like a. fish's tail. 
Tlicy are divided into two families, (ho seal and the wal- 
rus. The firat feed on fish, and have the same internal 
organizatioiL aa tho Ca/'nU^om, as well as the same 
dental conformation. Some speoiea have even exactly 
thirty-two teeth, aa we have. The jaw of tho walmg ^h 
tho least regular, and the liieisorB are generally wait^| 
lug, especially in the full-grown animal ; for it appears 
they lose them very young, as yon lost your milktcctli, 
only, unluckily for the walrus, hia nevnr grow again. 
On the other hand, he haa Wn canines in his upper jai^| 
wliicb, next to the elephant'a tiiaks, arc the largest ir^* 
have yet met with. They arc somotimca m much aa twc 
feet long, and iHclino downwai'da with a curve, 11 
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two bars of a iMck-asc. They would play tba walnia the 

jBamc trick tliat the iLcisors of rodents arcs apt to do 

Flien they hayo not work euougb lo wear tlnjm down ; 

' tliat ia, stop up the catrance of its moutli, were it not 

tliat the lower jaw ia coaLraKted in front, in order to iit 

into the space between the two caainas, which thus form 

K a sort of paesagc in which it maDfcuvrcs fuecly. Aa yon 

Vmay suppose, the walrus cannot insert prey of any great 

eizc into this contracted passage j but that is no mat- 

ter, OS lie lives partly on eeawecds, aad partly — indecd 

1 priacipcilly — ou sbell-fish ; his laolars behig epeeially 

■adapted for breaking sheila. Thoj are abort massivG 

H'pylindci's — the upper ones fitting into the lower as a 

Bpestle into a mortar. 

H After the walrus comes a strange animal which Las 
Vbcen ranted among Cetaccnna (wo shall see why prcs- 
B ently), but which it would, be belter not to separate 
Birom the Amphibians, since an Amphibian order Laa 
" been made, for it cr&wL^ from time to time upon land : 
; thia ia the Manatee, or Sea-cow. It comes still nearer a 
B'fish than the others. Its forelinibs are absolute fina. 
" with mere voatigea of nails at their edges ; it has no 
bind ones, and its body, which is quite cylindrical, enda 
■ in a fin tail In the shape of a ahoTel. The sea-cow feeds 
H OQ plants and herbage, and lives at the mouths of great 
B rivers, going up them, occasionally to great distances, 
their banks acrving it for pasture ground. In some rc- 
Bpects it is half brother to the hippopotamus and tho 
great grass eating Pachyderm'ita , to wl om it comes so 
I near in iuternni organization, and above all in the slrnc- 
tore of il9 molars, that M. de Blainville seriously pro 
, posed ranking it among the elephants, though as an 
\vTegular cfc^yi«n/,aayoa may suppose. But then Cuvier 
I hod even placed tlic seal among tho Gtini.ie(fra,hy tho 
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Bide of the cal, whose whiskera it possessed, aud of tie 
dog, whom it resembled in the formation of it! heai 
A naturalist'a ofBuc is sometimca Tery perplexing^ I 
a^awe you ; aud as ivfl are touchiog oa this euhjcct,! 
cannot resist telling you that the sea-cow laid claim to, 
OH so many sidca, had by right a free admiagioQ to tha 
eelchrated order of Frimaics, although it looks cxacdy 
like a largo barrel elougatcd at the two ends. It Bnelclw 
ite young- at the breast liUc man and the monkey ; and if 
Liunasus flinched from this rather too absurd parentage, 
old naTl;rator3 wcve Icaa scrnpuloua, Obscn-injc this 
crcat.ure in tlio disLancc, aporting on tlio waves, thfl 
upper part, of itrf boily quite out of tlio acn, the sailore, 
whoso eye is not of the moat refiaed, and who have no 
obj&c.tiouB generally to the marvellous, imagined they 
uaw n, now epcciea of human beings ; and Iicnee arose 
those storiog of mermaids and sirens which have been 
told from the days of Homer downward3, antl the tradi- 
tions of which Ijavc not yet quite died out in seaport 
towna. To have been passed from man to the wUalo, 
touching the olepliaut on the toad, ia a long way to tra- 
TCl, especially when, aftor al), one is only a huge hajrcl 
of ami>hibiou3 fat f and you may Judge from this that it 
is not always an easy thing to classify animals. 



Ohdeb 12. Oetaoeo. (toftaleJdnd). 

Cetaeeana are wtiales ; and if I had been eonsulted 
'n the matter, I ehotdd have joined this order aud tho 
last tofrether, imdcr whatever nime was thought most 
appropriate. The passage from the seal to the whale 
through the walrus and the sea-cow ia an easy and natu- 
ral one, tiie two latter being ohriously tho connecting 
links ; and iii spite of certain diversities of food, tlicy 
'orm in reality one family-porfy, as do tlic marsupials. 
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But it 13 teo late in tho day to talk of this, my dear 
child, and you and I cannot protend to alter what in 
tauglit in the schools. 

But you tire astonished, ai'O yon not? to licar that the 
whtLlo 18 not a fish : and no wonder. It ii with it, how- 
ever, as with the ormaclillo ; it is a fish with a higher 
organisation inside. The interior of this enormoug mass 
is a faithful reproduction, as a whole, of thut of the 
Bhrew-mouso j and wlicn we come to talk of fishes yoa 
will havo some faint idea of the prodij^ious distance 
which this places betwcn the whale and his countrymen 
of the ocean. 

As fiir aa wo are e-oncerued, tho. chief diETereneo is in 
tlieu' way of breathing. The cetacestns breathe like our- 
selves, and are obliged to come to the surface of the 
water to take air ; while fishes have a special apparatus, 
which I will explain to you presently, which enables them 
to breathe in the water- This ia a diaadrantago to the 
cetacean in his fisli life ; nevertheless, of all the mammal? 
{as maycasilybciroagincdjhe is the one who can remain 
longest under the water. With ua, for instance, the best 
divers one ever hoard of, those who go to the bottom of 
the sea after tho pearl-oyatcr, can scarcely stay below 
longer than, two muLutea ; and even during that short 
time tho veins of tlie head become so overcharged with 
the blood, which cannot return to tho lungs owing to its 
forced inactivity, that when the diver comes back to the 
HUrface it is by no means unusual to see him streaming 
with blood from both nose and ears. The cetaceans 
remain nnder water for half an hour at a time without 
seeming to suffer in the least ; and Bresehet, a clever 
French naturalist, has given a very satisfactory cxplaua 
tioii of this wonderful faculty. In diaaecting a cetacean 
he discovered all along the vertebral columii an csteo 
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Btvo network of krge veins, wliicli are ntit founiTTB 
ot!ioi' inaminais, and wlildi seamed dcsignod to serve aa 
a refitg(?-placo for tlio blood duriag the time tiie imimftl 
romaiiia submerged. According to him, tliis uetivort 
would act aa a reaervoir, to wliich any overjilng ja 
bead or important organs would flow tlirotigh Tesse 
commu 111 eating tborowitlL, and wliicli migJit swell oat 
it plcaacd, witlmutauy risk to llio inert bed of fat agaii 
wliioli it lies. From thciDCO the blood rushes to til 
lungs, aa soon as the animal's return to tbe air eualilra" 
tUenx to plaj as usual. It must be admitted, at the same 
time, that all this inToIroa tlie necessity of a much Jes 
active life tliaa tliat of land mamraalg, tliat is to say, a 
cODfiumption of oxygen mnch smaller in proportion th 
theirs ; for wore you to be furnished down your Iba' 
with tho finest network reservoir in tlio world for venous' 
blood, it wonld still not cnahlc yon to remain half a 
hour without breathing. 

There is nothing remarkable in tho digestive appa 
las of tlie cetaceans except aljoat tho mouth, ■which is, 
you know, the eeaentially variable point among ani' 
mala. To begin with, tho cetacean tongue baa the racst 
original appearance posaiblo. Indeed, Itis not a tongue, 
but a largo carpet, spread over the floor of the animal^ 
mouth, and bears not the faintrat trace of regemblance to 
that nimble delicate porter, who docs you such good ser- 
vice. Imagiao a thick soft lump absolutely crammed with 
fat, and completely jmraovahle, because it ig glued down 
along its whole length to the bottom of tho mouth, and 
you will havG a good idea of this atrange tongue, which 
in the whale, the largest of tlie cetaceans, attains to tho 
length of twenty-five feet and the width of twelve, and 
of itself alone fnrnisheB the whale-fishers with from fivo 
to sis tons of oil. This ifi a great deal farther from itf 
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limn even IIlg long Bering wbicli eei-Fea as a tungiio to 
the ant-eater ; and you feel Eit oucc Ihat ws are getting 
fimopg strangers. 

Witli respect io teetli, I liavo now a melandioly piece 
of -aawi to tell joii. Wa liavG dono with thGin ; ivo 
liave seeii the last of incUore, CEinincs, anJ molars, bcnee- 
forth you will hear no more about those valnablfi instru- 
meuty. Tlio tcetli of tlic cetaccana, with "irliom tliis pain- 
ful falling-o£F begins, are no more teeth than his tongue 
is a tongue. Tiicy are like so many nails set in a roi7 
in the jaw, awJ can only bo of ii^o la retaining prey, not 
in grinding it ; 30 that of tfio many processes your bit 
of bread lists to go throogli liefors it become a part of 
yourself, there is one wliicli is dUpenscd with, here alto- 
gether, nainclj, mastication. Cetaceai^ swaHow their 
food without chewing it. 

Bcsidea, ILey have not got a whole set even of these 
unmasticating tectli. Dolpliina and porpoises, thoae 
faitLful companions of the sailor, around whoso vessel 
they come playing and tmubling in the seas of all coun- 
ti-ies, are the only ones wlio have them in both jaws. 
And thoso arc the small fry of tiio order ; tliey do not 
usually escccd sis or ten feet in length. 

The Cachalot, or Spermaceti Whale, an enor.noua 
cetacean, which rivals the true whale in size, and w^ose 
head aJoae forma nearly the half of its body, haa teoth 
in the lower jair only., TMa lower jaw, whose two sidea 
are Joined together lor half their length (a new devia- 
tion, very unlike anything we ha-ve fonnd before), is so 
little proportioned to the gigantic head which contains 
it, that it 13 almost lost to sight, and seema like a small 
ptank slipped under a great square block, 

Snch aa it is, howCTer, it possesses many very reapect 
»3le teeth, of which some weigh 03 much as two |x>imd3 
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and with tliGse the cacbalot, wlioao ferocitj' is tremen 
doa'^, tears In pieces everyLliiiig that uomes uearit, aoin» 
times even tho boats of the fehcrmca who riek their 
liTCa in the dang-eroos pursuit of capturing them. By a 
siogolai' arrangement, of wkicli this is the only kno"ffn 
JDstaiicc, there is, opposite each of the cacbalot'3 tceUi, 
a corresponding' cavity in the apper jaw, into wliicb they 
fit closely, turning the monster's muzzlo into the moBt 
formidalilo pair of pincers to be fonnd in the smm 
kingilom. Another curiosity in tho order is tho tooth 
of the Narwhal, a, raodcst cetacean, who is not much 
more than twenty feet long I 

I epcak of i/ia tooth, because the creature has com- 
monly but one ; a cyliudrical-poinlGci tootfc, spirally fur- 
rowed, whoao length xariea from sis to ten feet, and 
which comEB straight out from the cstremo front of tho 
nppcr jaw, like a soldier's piko. There arc two soekola 
at thia estreinity of the jiw, caeh furni&hed with, a tooth- 
germ ; but as a general rale the germ oa the left side is 
tho only one which develops, the other lying asleep ia 
i(a Bocltet, where it 13 choked np and never appean 
Beliind thia long pike, which, like the task of the elo- 
phaut, attracla to itself all the ivory in the body, li'te ft 
completeiy unfurniahcd mouth ; ao that the owner of t 
magniDcent weapon, invaluable as a wai'-tool, but quite 
inapplicable to the purpoao of supporting life, ia obliged 
to feed on small fiaheg and moUunks. We have not yei 
epoken about these latter, but if you have ever aecn alu; 
aud snaila you will know what a irtolhtsk ia. 

The same wretched food falls to the lot of the whala 
also, that giant of the ocean, whoso open moutli formff 
an aperture twenty feet in extent. GeolFroy St. nilaire, 
in Ilia indefatigable cndeavora to trace out points of re- 
BOmblanee connecting together animals tho most nnliks 
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IB. outward afpew-aiice, di?coTcred, aloo^ the lowev jaw 
of a young wliale, cei-tain traces of teeth, indicating- a 
last effort ou tke part of natare to carry out lier QBiial 
plan in fumisliing the jaws of mammals ; but, like the 
rigbl-hanrl tooth of the narwhal, tlhese vain attempts 
BOOH disappear, orergrown aud lost in the tiasuc of tlie 
bone, so that the wlialo oEFera as a true type of an. edair 
tate^ classable with the ant-eater, if one dared, and eome 
people hare daioil, which liy this time will not sur- 
prise you, A classifying professor ia utterly merciless, 
whether ho gets hold of the poor Ijcasts hy the mouth or 
by the paw : they may protest with all the rest of their 
body against the peg ou which they are hang ; so much 
the worse for thcml If ono were to listen to what they 
have all got to say, it would be impossible to classily 
even one. 

To return to the wJialc. As a compensation for tho 
teeth which she fonnd herself iifiablo to give bim, uaturo 
has mannfactnred ou the two sides of his upper jaw the 
most estraordinoiy apparatus without exceptifin to be 
found in tlic mammal mouth. Tou know what is called 
the whahhone used in stay-makiug, &c. The name ia 
quite correct ; for those little flexible black strips, which 
support the iignrc so nicely, began life in wandermg 
over the polar or Australasian 8*3:3, faat&nod to tlio pal- 
ate of some monstroua whale. 

On the two sides of tho npper jaw the membrane which 
covers the palate sends out rows of broad, thin, horny 
plates, which are from eight to ten feet long (they have 
Bonietimcs been seen twenty-five feet) in tho centre of 
each Bide, but which decrease gradually towards the ex- 
tremiticB. These are plates of whalebone (HOmetimM 
called whale'a whiskers), and the industry of man h&a 
tunic<l tliem to a thousand different n^cs ; and you will 
13* 




open yoar cyea in astonjliment wliftn I tell yoa tbul 
800 or 900 of tbota have Ijccl somoUaics couotod on cacli 
BiJo of one iin>iiUi. Tliiuk of ttiC num))cr of stays tLat 
couUl be fiimi?iied from tho whaleijonG plates of oim 
wlialel It h true, tliey wore not exactly designed I'or 
this purpose origmally. At the tips and on tho edges 
of tlieBG plates, tho clastic fibres of which they arc com- 
posed unravel and peel nfF, and hang down from tho li|i 
like tufts of horsehair. Tho Arctic seas, which the wLalc 
inliabits, are, liks otLer seas, full of innuniorablc troops 
of various littlo sca-aoimala, and it is these wliicli ai'O 
JesLined to tho liouor of nourishing tfiis gigaatie mass 
of flesh. When tlie colossus wishes to take a meal, he 
elretelies his mouth to {is ntmost width, and tho salt 
water rnsbing in as into a galf, carries with it the im 
pradcnt little fry, who disapiicar then and there for ever, 
being retained by the fringe-liko sieve of the whaleboac. 
But as, in this way of eating, tho stomach of the vhole, 
however large, would be terribly overgorged with wattT, 
he is. I'urniahGd with another apparatus foF preventing 
tho ineoavenienee. All the superfluous water is rejepteJ 
by i\ia p/iarj/rLC, and springs up in spouts of fifteen or 
twenty feet Ligii, through tho nosfcrila, i.e. the nasal opea- 
ingT^i Bomctimcs called " vents," Bometimca " blow-holes," 
which arc pierced exactly at tho top of the head. This 
Iri a poculiarity common to all cetaceans, who have thence 
received tho name of " blowers," alluding to tbo power 
ful blast whieh ia necessary to send those majestic col- 
umns of water into the air ; but it takes a much milder 
form with the lesser cetaceans, such as dolphins and pop 
[loiaca. There U but a slight jet with them : the watci 
escapca comparatively quite quietly from the nostril- 
peiita, trickling away down the auimal's sides. 
t hopo yon. conaider that I havo told you something 



MAMIULU. 



2&9 



new this lime, my deju child, and that onr machiae in 
bej;;inning to change its flppeaiaTicf! very matpriallj. I 
told you "before that we had rcachod the oiitskirt3 of the 
mammal kingdom. TVIicn wt' got "to tLc armadillo we 
were within a stone's throw of the reptilra, and here, 
one step more wouM take us to the flshea. But wc must 
first conaid^ei* tha birds, who are a very superior set of 
aoiraala to eitlier of the latter ; and wc have accordingly 
an ordtr of matumala (Monotromcs) which, as you will 
now find, opens the road on that side also. 

There arc but two sorts, and both of thcra arc na- 
tives of Australia, which ia, as you may have heard, 
the laud of the wonderful in natural history, and their 
existence was unknown to the learned men of Europe 
till witliin the last sixty years. The most citiaordinaty 
of the two 1:3 the Oriiithorhunclais^ or, t-0 translate tbo 
hard Greek word Into Eaglish, the Dmh-lnll. 1(3 mouUi 
id a true duck's bill, a downright horny beak, and its 
short paw.s sprawling sideways with a mombrano join- 
ing the toes together below, and coming a good deal be- 
yond thcni in front, seem intermediate between the 
flippOi'S of t!ie eeal and the webbed ibet of a water-bird. 
The lirst Jiataralist who had anything to do with tEie 
ornithorhyndtug, Blumcnljach the German, who gave it 
its pretty name, did not thmk it was ttble to suckle its 
young, so much did it differ from mammals in some re- 
spects, tbougli looking so like them on tlic whole. And 
presently a report arose in tlie leai'ncd world that tlie 
new animal wliich had been classed at all ri»kfi among 
uammals (it having the close fur and almost tbo body 
of tlic ottoi-), a report arose, I say, that this oruithorhyu- 
chug of Elumenbach laid egg3 Uko a renl dock. The 
ioroar in tlie Academies wag tremendons. As early aa 
Ic20, indeed, a learned Englishman, Sir Everard ITomo 
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Iiad sent over to Fi-ance an authentieated drawing, as 
liG said, of ail oriuthorhrnchian eg-g, to the delight »f 
the linntera after analogies among animal races ; whik i 
Cuvirr looked sadly askance at the mtrnder, whose az- 
rival tlirew hia animal outlines into confusion, tliCro ^J 
)mng no yliuca ia tLem for gnch a bcust. Happiljr for tbo ^M 
poor animal, he has ended hy almost ecttling the matter ~ 
for liimgeK, The ornithorh}'nchian egg lias never turneii 
Qp. But in the animal's nest have been foond baby ' 
ornithorhyacKuses, newly born, under two iuelies long 
(the full-grown animal Ireing more tisan a foot and a . 
half), and not a trace of cggahelle near. Foi'tLer in 
vostigationa showed that the mother omithorhjTichHa^ 
nurBfld her young ■with milk, for curdlod milt was foundj 
IQ their stoniaohs ; so the Auatralian. phcaonionon hasi 
Deen rratorcil Lriiiiuphantly to the Mammalian ordflr, 
wheuco Gcoffroy Sl Ililaire had excluded both it and^J 
ita comimnion, the eclitdna, a sort of hedgehog, prorided^H 
like tho oniithorhynchus with a bLrd-likc bill, only more ' 
of the canary-bird sort ; and like it, also, apiiroxiraating- ' 
to the bird tribo by other details which do not belong 
to our subject, Ami so the matter stands at present ; 
and all wc venture to say 13 that clasBification had ftj 
very lucky eacapc. 

And now, my dear child, that I have made you ao"^ 
quaiuted ia detail with your nearest neighbors, the last 
of whom, nevertheless, are atrangely unlike you outside, 
iiowevcr they may rcscmhlo yoi within, I shall tako the 
lihcrty of goings more quickly over the ground, and shall 
)oint out in tho mass only the more iuiporiant.cliangcs 
whith lead from one class of animola to another, Ij 
Bhonld ha found fault with if I tried to make you too] 
Icornod, and you yourself might l)c tempted to teU me,] 
to my sorrow, that jou had heard aboiit enough. 
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Tell me, my :icar child, wlien you hare seen "birdg 
taking' their flight into tlie air, and going boldly to their 
object, witliout a tlioaglit of all the ba.mer;i, ditohca, 
rivers, and mountaing, whicb Linder man at every Ktep 
in liis travels, did it never strike you to wish foi- tlieir 
wiiigi5, and imagine how you would fly off if you had 
tiiem? If yofl ever dreamt this dream, do not apologise 
for it; it ia one as old as the world. ' Oh that I had 
wings like a dove 1' cried the Prophet, nearly 3,000 
years ago ; and the dialogue of the swallow and the 
prisoner, so often sung by poets, has been repeated in 
prose beliiad all the prison-bars on the globe eiuco 
prisons ■were firat Invented. 

Now you will not think it kinil on my part, but I moat 
undeceive you about this fancy, aa you will be undeceived 
Bome day about many others. The ■wings of a dove or 
Bwallow would be of no use to you if you had them.J 
anymore than tlie formidahlo swords of the middle ages 
would be to our modern gentlemen, were any one to pnt 
Bucli into their liauds. We are not adapted for thein, 
nor tlicy for us. 

Yon saw, some time ago, what an amount of muscular 
escrtion was required for running — "what a vioicut flow 
of blood, what hurried play of tlic l«ng3. Now in fly- 
ing it is still worso ; for the earth, at any rate, lujldg m 

(801) 



;j(i2 



< AVES. 



up qutty natai'ally, ■wlioieas the air will not liolil np llie 
l)ird iinlc?a it jh bcatou vigorously and imiomilUngly by 
an nntiriiig wing. If we men, cojxstrueted as wo oj-e, 
liad to do 9Uc1i work, wG should be out of breath at once ji 
the heart would cry out iiumcdiatclj' for quarter, anill 
llio diaijlirajnn turn rcti with anger. And only jiisl^ 
imngino ill what ft critical position a poor wrclch 
launched into the air on the wiiig3 of & swallow wonld 
fmd himself when, at tbo end of Uvo minutesj hig ser- 
vants should refasc point-blank to go oti working ai a| 
height of 500 feet abovo tho ground 1 

But a bird has not these inlonial rebellions to fearJ 
To the first place, it haa no diaphragm ; so hero is another] 
ftioutl to whom we must say good-bye. We shall iiotj 
meet with him again anywhere. Tho journey we arO 
takiug togclLc-r, uiy dear, ia somewhat Hkc the jouruoy' 
of lire. Ono sotd off, sarrouiided by friends aud afrJ 
([iiaintanees, but whoever travels on to the ciiii ia ajit to • 
fintl liiiii(?clf alone at last ; this is what is happening to 
tte digestive tube, which we shall see losing all its a<: 
cossories, one by one, as wo gradually advance in on 
Btudy. Even now hero is one ^sciitial fuudamcntal 
differoncc in the internal machinery. The body has onlj" 
one compartment instead of two ; aod the lunga, mastora 
of the whole space, -extend freely to ita utmost deptli! 
When a fowl is cut up at table, look along the body, and 
you will And lodged in the cavity of tho ribsj a long, 
blackish, and spongy mass: this ia tho lungs. There la 
nol, therefore, the same danger of a bird's getting ob( 
cf brcatli as with us ; that dclicato board, which 
found in our bellowa is ivautrng ia his. His ia set in 
action solely by tho lo-and-fro movement of tho rilw, 
which ig produced by muscular exertions, wLich 
[reatly increased during the action of the wings. From 




wbicli it follovrs, that the rapidity of flight itself regu- 
lates the armal of fiir, antl cons<!(]ncntly the cspoiidi- 
toTGOf strODgtli,or, if yaa like bette-i-, tliG activity of tlie 
fire, since tlie energy of the niuscles depends, as "we l>ave 
seen, upon the quantity of oxygen tliat feeds t!jo inter- 
na] stove. 

This is not all. These eJongatcd luuga ave still not 
eufftcieiit to furnish tlio blood witli all ili-c oxygen de- 
maoded by this oxcessiTft labor of flight. Tlicy fire 
pierced with liol(s, through which issno pipes which 
carry the air all over the body. You loiow what is 
Bald of ppendtlii'iflii? — that they burn the candle at both 
ends. It la so with the blood of birds. That fillip 
which in our easo it receives in t5ie lung?, and which 
sends it back fnltof vigor into U10 arterioa, is repeated 
in the bird at tlio other end of the arteries as well. 
Tho capiliaries, those delicnte vessels at the end of the 
arteries, pluago from all sides into little reservoirs of 
air — lungs, therefore — ^whoro tho "blood renews its pro- 
vision of osygeu, and relighti^ its haif-estingnished fire, 
80 that it aends the combustion aJrcsh into the musclea 
on its return back to the heart, and sets them going a 
second time. 

Tho natural consequence of tbig prodigality of com- 
bnstion is, that there must be, iu proportion, mucli more 
oxygen in birds than in ua ; and that of aJl animals a 
bird is the one most quietly poisoned by his own carbonic 
acid when the air is not renewed around him. There- 
fore, let mo beg you never to think of putting a poor 
Kltlo bird under a wine-glas3, aa a child of ray acquaint- 
ance once did, that she might examine Ler little friend 
mere closely. In the twinkling of an eye he would cou- 
Bnmoall tho osygen inside his prison, and you would 
soon see him fall upon his side and die. 
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Ou tlic other hand, th« temperatafc of tlicac flying 
macliinoa, irhich consume so itrncli oxygeu, is very much 
Iiighor tUan oura. 11. rises to 41% 42" (centigrade), and 
Bometimes to 44% f^ higler than with us. Il' ever yoa 
hare takca hold of a littlo bii'd, you ■will Iia.TG wmarkcil 
how TFurra it makes your hand : this w quite natural, 
since there is alwaya a double lire goiog on within htm, 
to meet the oxtraordinary expenditure of streEgth that 
is required of hrm "whfinfiTer he takes wing. Besides, do 
but look at the poor little crcatnrQ when you hare m- 
jirisopod it in a cage I How it goes up 1 How it comea 
down I How it hops from ono pwreh to anoLUor, with a 
quick sudden movemeot, like that of a spring when it 
uabcnds. There is no apparent csvjse for this state ofl 
continual agitation; and yet there is a cause, and onlyf 
too Bcrious a one. Its fire ia not slackened becntise joa 
have put it into a cage, and ita muscira, la?hedfui'tou3ly 
on by the double-oxygenized hlood, drive it hap-hazard 
into a thousand movements, iu which it expends, as beat | 
it can, a superahundancc of power, which no longer 
finds natural employment. Little children, who are the 
real singing-liirda of our homes, and whose blood alsoj 
driTCB much more energetically along tiian ours — llttlB 
children I say — often fare no better than caged birds 
in those larger cagea we-eall Echools; and achooliaafl- 
tcra and govci'ncggea would scold rather leag; if ihey 
thought rather more about tUia. It ia right, I do not 
deny it, that the rebellious young rogues should ha i 
taught ill good time not to abandon themselves, lilca i 
wild birds, to the mere animal impulses of the blood ; 
but, in dealing with them, ono must also make allow- 
ances, as they say, for the tiro within, and know how H)^ 
open the cage now and then. It is not for j'on, how 
Wer, that I say thia, young lady : you are bo longer a 
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littlo child ; bat it may happen that jou may have soma 
to fakccarcof some day. Belieyeme, then, yomiiust not 
expect too much wisdom from them, and .you must allow 
ihem to change theLp porch every now and tlieii. It 
13 a law of our Almighty Fa(;hcr that little childron, 
BJid littto birds, should not stay too long in one place. 

The mechanism of the circulation i3 hero tho same as 
with U3, and does not offer any iinportaut peculiarity. 
Only tho left ventricle of the heart has walls of extremo 
iMckneBfl, wliich cuahle it to launch the hlood into tlic 

» members with grcatc-r vigor and rapidity; and tlie 
blood itsolf, although it is composed of precisely the same 
materials as that of the niammala, differa from it never- 
theless as regards the globules. In the first place, they 
are more numerous ; secondly, they are larger ; and 
finally, instead of being round lilco a plate, they aro 
draivn ontovally, and arc almoat shaped like those long 
dishes on which fiah 13 usually served, I shall not at- 
tempt to give you the reason of their size and form. 
This is hidden from us in the same mystery which eu- 
TClopra all the microscopic population of the blood; 
but 13 it not a curious thing, this sti'angc persistency 
nf form in tho globules of all animals of one class? 
In all birds they are oval; in all mammals they are 
round. In all V Nay, I am wrong. As if the better 
to Iiidc from us the key to this riddle, nature Lag 
amused herself by making an exception. Camels and 
llamas, I forgot to tell you, bavo alao globules in the 
form of long dijhea, like the hon and the chaffinch. 
Find oat why, if you can. As to tho reason of the 
number, it is a very simple oae. Since the energy of 
the blood resides in the globules, it folloivs that the most 
energetic blood will contain tho largest amount of glob- 
ules. Looking at you, for instance, little monkey, run- 



r~r 1=. l j^=;i=J ic«c: ;ie cirden. I wonld lav a wagtar, 
Ti"^.;^: ■x.-:=.-dz^ zrs:. uai sierc «re. m one drop of 
j.-cr V.yyl. s-:-^-? ~'..t>^ Taore gtoboles than in one of 

Lie: 5> -OT r> •>>- :o:^-?coesuon. vitliThicli, proper 
tj. »-; -i'^^; :■> ii~c t«5'j«a : bot I preferred pointing 
K-Q' i-y J-7Z. 'zm. ;le larn^ar diaracter wbich is tLc 
cii*:" -y.ri cf >^ii;;^'C&xi in :be organizati<Hi of the bird 

" Wlrn. L-rra rT»>'m- leei.' sa^s a slircvd proverb, 
seonizr ■:■:" ■.>?-r=»>- :.<:\.'. Birds l-are no teeth, and in 
tils r':fi*^:; tL>?r'? £5 »} Twetr among them. All, from 
:>--? £j^: ;o z'z.e lis', hxvc ocifonnlT the same tool to 
«i: vi:z: — ;!■? b:'!. iijkt b — which is. in all cases, com- 
I'X'-ii Q'l tit; =aai'"' el-joeats. two jawbones elongated to a 
;■;•::,■:. s,::! i:!:-:L*>i ia a tornv annoar, which mates 
ti.-:-i7 c-i^s 5J:^ir7' ail ca;tin?. At the same time were 
wo :-> rr-v'-jw tl.? lirl; in detail, as we have done the 
aizinm';, T ?a ■srosi i ?•>? t'lai ihore are aImo~t more mod- 
id-.-^i;-::^ t) 1-? oleorvoi ;a xiSs on? single instrmnenl 
t':.i3 Ir. o::r :iir:7-:wo itv-ib. All birds have a beak, 
tu: e-^>': La= hb ovra-orjaaizod expre^ly with reference 
tij i:-.o ki-'i ■?:' l"x>-I nocxiod by its owner. The eagle's 
l-eal;. w'lioit n:ir.^I-.'s living prey, is pointed, bent, and 
hard £s ?:■>?; : tho till of the dnok. which laps np water 
iroiQ poad? asl f -jiJlcs, ia order to get worms and half- 
*leco::ipo=e'l rel'iii? ont of it. is soft, and flattened like a 
sl.ovvl. Til'? WOO' i pecker'?, which has to pierce the 
trunks of tre-^;. is like a pickaxe ; that of the hmnming- 
birJ, which has to suck np the jnice of flowers from the 
bottom of their corollas, is slender as a needle. The 
Etrailow feeJs on flies, which it snaps np on the wing, 
aad has a soft bill, which open-H like a little oven. The 
stork picks up reptiles in the mud of the marshes ; its 
beak is straight-poiDted, catting as a knife, and rcsem- 




iQCCTS. Tlie sparrow feefls eapeciaU 
ly OQ Lard graiiis, difficult to brnalc ; accordlngJy its 
Leak \A stumijj, short, and thiclf, and is arcLcd on tlie 
upper side for still furtlicr soUtlity. But I should never 
cad ii I began to enumerate all the thousand tanctica 
. in tlio bills of birds. Eacli varioty, too, corresponds 
witli somo peculiar sort of life, and eorisequGntly with a. 
^eueral conformation (easily ascertained) &f tlio animal 
in which it appears. Give a naturalistthe bill of abird 
— only its bill remember — and be Trill tell yon half ila 
history without fear of being mistaken. 

Oa ilio otlicr liand, wo must not deceive ouraelves as 
to the real value of tlii^ complaisant bill. Let it trans- 
form itself as it pleases into all maanerof forms for tlio 
better fulfilment of its task, it makes, at the best, but a 
very poor Instrnmcnt for mastication ; nay, to say tko 
truth, it brcaka, cuts, and tears, but it never masticates 
at all. Thus the bird's mouthful is far from undergoing' 
as perfect a pre[iaration as ours does. It 13 no sooner 
taken in iiian it is swalloivcd, and the salivary glands, 
wliich are still to be found under the tongue, seem only to 
be there as a matter of form ; wSiat little saliva they pro- 
duce is thick and sticky, and haa none of the qualities 
necessary for making that liquid paste whidi our tougtio 
Fwoeps up from every corner of the mouth. iJesideg, it 
must be owned that a bird's tongue would be a very 
awkward iraplemcut in such a task. Open a licu'a bill 
and you will sec therein a very inferior sort of porter. 
It 13 merely a dry hard latice, as it were, armed with 
pricklc3-at the point, as ill-ctnalified for ta&tingas for 
sweeping. So l!ic lien does not waste her time in finding 
out the flavor of what is thrown to her. She picks up 
iind swallows over and over again, without appcnrlng 
to experionco any other pleasure than that of satisfying 
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Iier appetite. Birds of prey, it is true, Lave ratter morfl 
eocveoieat tougnea, capable, morcoTcr, of tasting up to 
a certain point ; abd the parrot, who is a. complete epi- 
ctu'o, and clicivs his food pliiloaophically, has a charming 
litfilo Ijlaek ono, thiclt, fleshy, and susceptible — a true 
porter, in fiict. — who enables Polly thoroughly to enjoy 
her brcalifast. But certain birds who live on lasccta 
Burpasa even the hen in the dryness and hardness oE 
tbcir tonnes. That of the woodpeclicr, especially, ia a 
modol of tho Idad, and deserves a few words more than 
the otiiera. Picture to yoursclTes a loDg pia, tcraluatcd 
by an iron pointwithbarlja lik« thoseof fisb-hoolcs. An 
ingenioua mechanism enableg the bird to dart it out 
with tLc rapidity of ligbtning, far beyond bis bill, upon 
the iaaects to which lie gives chn><e. The point pierces 
them, and the hooks retain them, without anyneed of aa- 
gistance from the bill. I haTG juat told you that this 
bill pieroes tho bark of trees j but it only plays the part 
of gamekccpCi-s on grand sporting occasions, who beat 
the bushes to make tho game rise. The woodpecker's bill 
routs ap tho imscolB by dcstroyiog tlieir Bhoiter ; but the 
real sporlsman is the tougiie. GocKl-hyo to any notion 
of a cosy little chat in such a porter'a lodge as thati 
Wliat could a harpoon bavo to aay for ifself ? 

Do not, however, let thi3 miscrablo cntraucc-hali 
alarm you, at the same time, for the fate of the mouth- 
ful thua presented half-dressed to the tesophagus. You 
will find it only so much the better treated within. In 
the first plnce, the ceKophagus, when halt-way dovm to 
tho Btoraach, swells out suddenly and forms a, pocket, 
which is generally particularly well developed in birdg 
who feed on grain ; tlds is called the cro^) in Engliab, in 
Trenciijaioi • -whence comca the application of that word 
to thoso full shirtrfrills which have soraetimca been tha 



AVES, 



foeliiou. It is ilie pigeon's crop thai givee liim tlie 
rounded ciifist orcr wlikli he bridles bo prettily. The 
crop la a receptacle wLcre the food makes a halt : it is 
fiometliiog between the poucli of the moiikoy and the 
pannch of the ox; a jjieparatory Btomacli, which doo3 
not, it la true, sond back the grain to tlie Lill, for the 
bill could do it do good, l)ut in which that grain lies 
ttntil there ia room for it further on. 

From thence it reaamea its journey ; but, "before reach- 
ing the truR stomach, it passes through a aecand enlarge- 
ment of tlic o}3i>])hfij,'us, whose walla aro pitted with 
nnraberlcsa Uttio cavities, &om which poor over it the 
juices dGatinoQ to supply the ptacG of the saliva that waa 
wanting above. 

It reaches its destination at last, but still hard, and 
generally whole. No matter, however. The stomaeh 
whicli receives it, and wLick is called the gizzard, is 
quite a, differoct sort of thing fi-om a uselcaa mciiibrano, 
tbifl and dolicnte like onu. It if5 a tliick mu.'scLc of 
eoormous power, lined inside with a kind, of [lorny s-kin, 
BO tough that nothing can break through it. You may 
form some idea of the prodigious strength of tliia organ, 
when I tell you (liat turkey-fowls have been made to swal- 
low hollow balls of glass, bo thick as not to break, wlien 
dropped to the ground, and tliat at the end of a few days 
thcy havO been found reduced almost to powder in the 
uninjured stomach. No fear of indigestion witb such an 
apparatus as tliat. Though the grain may not have been 
masticated in the bill, what does it signify? There ta. 
a power here, as you see, quite equal to carrjing the 
whole work through. Thanks, indeed, to tlie invaluable 
horn wiiich lines it, fowls which have no teeth of their 
own can safely present themselves with as many and aa 
hard QXifiv- as tlicy pleaso. They swallow small peb- 
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bles, wliicli rub agrdnst the grain, daring tlo con 
tractions of Unt gii!xnrd, sind act. just as effectually as if 
thoy wore fixed ic the jawbono. Well, this terrible gi* 
■Mini perlbriua ila cnialiiujr work wltli such energy, tbat 
not nnly tijo grain but tlin pubblcs themselves arc ground 
dowii there, aiul end liy being pounded into fine sauil. 
Wlieii ynii rear fowls, do not forget, if you keep them 
ahtit n\}, to put within tlicir reach a store of small 
pebbles, BO that tbey may have teeth to run to in time 
of need. 

You romcmbcT the pyUrus — tho porter dow:i below, 
who keeps the door of egress from our stomach ? He is 
(13 baJly provjiioil for lierc eib liis fellow-workmou up 
nliovo ; worsG in fact. It 13 a gapiag liole, and wo can- 
not expect a very strict supervision from it. Birds who 
frcii on fruits profit by this fact to carry vcgctablfs from 
one coinlry to aiioUior. With such an easy opening, 
sceda IiuvO a good many chancca of passing from Ibe 
Bfoniiich anfillcrcd ; and then llicy di'op from tlic clonda, 
iw U supposed, liup-hazai'd, and gerniinata afterwards, 
when circmriatnnceB prove favorable, to grow up before 
till! LHtoniahcd eyes of the natives into p)nn(s of which 
they liavG never even heard. Tke Froncli Acclimatiza- 
tion Society, whieh I epoke of lately, and which, though 
?o Tnodcrn, lias correspond cnta a,lt over the globe, is at 
tills moment laboring to effect an exchange between all 
countries of tho natural produntiona of their aoil. Bat 
hero you sec (bat natiirc had tlioiiglit of this before, and 
established her acclimatization society long ago. 

To complete the intcrual work of digostioD, so feebly 
liogtiii in tlicbill, an extremely large iivcr pours torrcits 
1)1' bile into the duodonuin, and the n-anu facta re of chyle 
|H'oeGcdt) ivith that wild rapidity which characterizes all 
llic living actioHH of birdsi. But n|>&uking of this livei, 
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I tbink I ought to give jcrn an accouat of a celabriitcd 
dish, consiJered a great dainty by epicures, ctMcd/dtSs 
de foies gras—fat liver patties, to tran.'ilatc it into its 
meaaing. Very likoly you will not care to oat tiioni 
after hearing my story ; but tbat will bo no groat loss 
to yoa, for it is a very iudigestiblo sort of food, and noi 
it atl good for cliildreii. 

You rtcneiflbcr :uy telling you abont EDglishmeu go- 
ing to India and coming back witU a liver-complaint, 
from liaTing eaten ant! drunk more than the ciimate ab 
lowed? By an imitation of tliis process, liuraau inf^c- 
nuity — occasiotially 30 cruel— had created the pdlan de 
foies (jr/ts, tlie glory of Strasburg. I liave been in the 
country, end can tell you bow it is managed. Tijcy shut 
a goose up In a square box, whorG there is just room for 
liis body. They open hia hill at feeding-time, and cram 
down with the finger as much food as can bo got in. 
This is throttling rather than fccdiag it. The poor 
beaat, who can use no rcsistanco, since it cannot move, 
and who is kept in the dark to prcTCnt excitement ; the 
poor beast 13 quite uaable to burn all the niasa of com- 
bugtiblea ■witli whicli the blood soon finds itself loaded- 
TMs carries them to the liver to be turned into bile ; 
but the liver ia not equal to the work, becomes loaded 
ill iU turn by unemployed materials, and grows and 
growft, till at last, baving filled up all the spaeo around 
it, it stops tlic play of the heart and lungs. When the 
animal h nearly aufiocated they kill it ; and this is how 
we come to have pdUs de fmcs gms to cat 1 If they 
give ua a fit of indigestion afterwards, it is a vcngcnact 
we riclily deserve. At Toulouse, where the same trade 
is carried on on a large tealc, they used formerly fi go 
even beyond this. Tiiey fastened the gooso by thff feet 
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before tte fire-place, after liavin" put out ils eyes. The 

imitation of -tlie Englishman's proceeding was still more 
perfect here, for the fire acted tbo part of tte ludian sun 
to perfection. I do uot know that part of tlic coautry 
well enougli to tell you whetlier they have quite given 
ap this piece of wicked ingenuity ; all I can Bay is, I d(y 
voutly liopc so. 

Tlio iiitcatiiie of birds h mucli shorter than that of 
raammals. Hero CTOrytliiiiig ia done at full gallop, and 
the cliylc I1.113 not to go for before it 13 obaorbed. I have 
before toe a boob, in which I ara toH that tJio wagtails 
eaten in France can he fattened in twenty-fow Jioun, 
if you only know how to set about it, siud those birds 
are not rare ; they belong to the same family as tlie rod- 
breasts, the tomtits, and the niglitlngale. Tlirnshes and 
wheatcara (ortolan.*)) require, for the same purpose, 
four or fire da^-s in tlio sanio country, left to tUcm- 
eelves to roam about, when the vine liceps open table 
for them. 

This incredible quieknCsB, not only in digesLiag, but, 
what is much more, in trausforming food Into frrah living 
ma.lena.1 (assimilating it, m it is called), hae often a fatal 
result for the bird. He ia prohibited from fasting ; his 
life is a fire of atraw, which mnst be replenislied un- 
ceasingly, or it will die out in the twinkling of a.D eye. 
Our own little birda — children — cat oftencr than gro^vn- 
iip people, and if by any accident they are kept waiting 
awhile, they Boon cry out with bimger. You know thia, 
do you not ? Well, then, if aiiy one should give you a 
bird to keep in a cage, remember that you have under- 
taken a great responsibility, and that it wili ret do to 
be earelcsa with him. To neglect feeding' him for one 
day is to run the risk of fluding him starved to death 
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next mommg. With this warning, I will conclude my 
chapter on birds. I hope I have not spoken in rain in 
behalf of those poor little captive songsters, whose 
firagile lives are at the mercy of their yonng masters 
aud mistresses. 
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LETTER XXX' 

BBPTILIA. (Repiitei.) 

PisanrG torn birds to reptiles is like falling iroma 
torrent into still Tvatcr. Life Jrags on aa filuggislily 
with the second as it dsiahea furiously forward with the 
Brat. 

I spoke to you just now about a fire of straw ; nowTfl 
have a fire auch as Preueliwomen mako in. their chavfe- 
reUes, or foot-stoves. A liandful of cliarcoal-dust, and n 
few live embers between two layers of ashes, is engiT^h 
for tiie whole day j which is economical, is it not? hot 
then it throws out ouly juat warmth enough to keep one's 
feet comfortable. And ao it is with reptiles. Theyllvo 
at very aniall espense. If yoa feed them once a month 
Ihey will not complniu, for so alow a, fire does not often 
need rcplcniahing with Bombuatiblcs. It ia even sai^i 
that the C!:perinient has been carried so far with torloise^H 
tlmt thoy liavc been made to fast for more thaix a year, 
and. 9till the charcoal fire kept «p its languid paco. Of 
course, on the otlier hand, there is not nearly so mnoh 
oxygen consumed at once upou eucli a diet as this. 
Where a bird would perish twenty timea over in En 
minutes for "want of osygcn, a lizard can. remain who! 
hoiu^ with impunity. Moreover, the animal heat of rep-' 
tilea ia in proportion to their expenditure of it. Grace- 
ful as 15 the snake (that living jewel so often copied by 
hraoeletrmnkeri?), you feel on touching it an instincti 
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SoTror, caused by t!ie thrill of cold it produces. All the 
animals we have considered Litlicrto have warm blood, 
and bear within theaiselvcs the source of their heat, which 
ja pretty nearly a-lways tho same. But reptiles arc cold- 
blooded, anil h&at comes to thorn chiefly from witU- 
onL 

If, at the end of a cold winter, we go to some favor- 
able comer to catch tSie first raja of sprmg^ suoshiue, we 
feel ourselves almost re-bom, as it were, a^ if a new life 
laad conic into us with the; simbearas. Look at the little 
lizard yon ace &isking on the white stonea of the wall ; 
upon iiim decidedly the sun is dat-ting actual life ft'om 
its rays. While the cold lasted he staid squatting iu 
his hiding-place— not. asleep, but annihilated — congealed, 
so to speak, like water caught by the frost ; PO longer 
digesting, aud hardly breathing, he had ceased to live 
in reality : aud it is no imaginary regeneration which 
the return of warmth brings to Idm. Like those helpless 
people wlio have not the power to carve out their own 
destlDies, reptiles have within them only aa insufficient 
eoarce of animation ; their life ifl at the merey of the 
Ban, and is high Or low, aocording as that rises or sots 
in the heavcne. At MartinicLuc, where at noonday it 
dart^ its devouring raya perpciidienlai"ly upon the cane- 
fields, and every one Hies into the shade to escape its 
scorching heat, tlie rattlesnake traverses the country, 
monarch of all ho surveys; ho strikes rapidly with a 
vigorous tail upon tho calcined ground ; and woe tlien 
to any one who reccivea Ida bite! All the fire of the 
atmosphere haa passed into hia frame. Now go to the 
Zoological Gardens, and see him there: he crawls lan- 
guidly Tinder the coverings that ebcUei' him; if by 
chance he bitiisi n.ay one, it ia with an idle tooth that no 
longer known how to kill ; his life was left behind with 
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tlio son of tliG tropics, and it is little more tlian a corpse 
tliat jou are looking at. 

And so atnoug oursolvos, my dear cliild : wo most 
with people whose whole power comes Ij-oni without, 
who arc lirilliant nnd Langiity in tlic ennaLinu of gooii 
fortune, but crestfallen, cowardly, and cringing- ia the 
coM dayg of adversity. Neverthcltss, thoy arc consti- 
tutfd originally like other people : they ai'O neilhei- 
greater fools as a general rule, nor less gifted ihaa their 
rieighbora ; where they fail is in the Iieart, lint that is 
ciiongL to spoil eycrythiug. Aud so with reptiles : the 
heart is their weak point nlao. Like ua, they liavQ luaga 
into whidi the air poura without any diflicuUy, and a 
heart to acnd the blood to them; m it sccias at lirst 
Bight as if there could be nothing to prevent their resist- 
ing tJio changt« of external temperature just as well aa 
ourselvca. There is only one small iriJla wanting, and 
that 13 a partition in the middle of the heart ; but tliis 
one defect 13 enough to disorder the wholo machinery. 

Tou know that, with ua, the heart ia divided into two 
compartmcntfl : tho right ventricle, wljich receives tlio 
venous blood from the organs and sends it to t5io lun^ ; 
the left vcntriele, whieh roccivra it (now become arterial) 
from the lung3 and returns it to the organs. Hence the 
double system of veins aud arteries, the one going from 
the heart to tho lungs, the other from the heart to the 
organs. All this h found the snrao in reptiles : except 
that the partition, wliich separates our two ventricles 
from each other, does not exist in them ; and the heart 
has only one common room, in whieh, therefore, arterial 
and vcnoiia blood become mixed together. It follows 
rrora this that, at each contraction of the heart, it is a 
iiiisture of arterial and venoua blood which ia sent in tin? 
(wo opposite directions at the same time, and that the 
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I'g^DS receive some wbich. liaa been ■used beforCf wliile 
tlic lupgs liave some returned to tliein ■whJeli has beou 
regenerated ali'cady. Now, on the one Land, tliis mixed 
blood can on!}' Iceep up an imperfect combustion iu tlic 
body (like the live embeia "betwe'eii two layers of aslics 
that wc spoke of lately), and, on Uie otber baud, the air 
in the luuga can only act upon a pai-t of the bSood it 
mceta witli there, tho rest havini,^ already undergone tlia 
regenerating process. And this o-ccounls for both the 
feeble animal heat and tlic small conj^nmption of oxygen 
in reptiles. 

Added to which the lungs of a. reptile are coarsely 
constructed, aud composed of cells enormous in compari- 
son witli ours, 50 that the bSood docs not find nearly aa 
many little chambera to rush into for a taste of air as 
with BE. StoreoTer, you must understand that there is no 
such thing as a diaphragm here; the li.iug.-i float loosely 
in the form of elongated bags in the one only cavity of 
the body, and the slight movement of the ribs docs not 
allow thora to dilate sufGciently to take in much air at a 
time. 

All these things, talcen together, make the reptile a 
very poor stove, and render him incapable of any pro- 
longed exertion. The serpent darts like an arrow upon 
his prOy ; hut he could not pursue it for half a mile 
without stopping, notevon over the burning soil of the 
equator. The lizard ia very nimble, is it not? and the 
quickness of its movements rather reminds one of the 
agility of a bird. But watch it, and you will see it only 
movfs in jerks, and keeps stopping every minute ; it 
cannot escape you if there ia no hole near into wliicii 
it can dieapijcar. In France there ia & large green liz- 
ard thtttTuns among the vicio ttees. If you pursue him 
he 13 off like lij'htning for a second ; then he stop? s«d- 
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denly sli^rt You return fo the chargyj, trnd be starts 
afresh, but only to stop again. At. tlie Iburtli op flftli 
attack lie is quite out of breath ; you poke Iiim with tie 
stick witli which you have been hanting Iiim, but In vain ; 
there he lies motionlea?, in spite of ]ns alnrni. A few 
Gt6p3 have brought liiui to the end of his powers, like a 
man whoso heart i3 diseased and who cannot go far. 
Tliis, however, is a peculiarity coDamon to all reptiles. 
Each of the tlireo orders of which tliis third class of Vcr 
lebrnta is composed has its own particular history be- 
sides. You must excuse my nieutioning the barbarous 
names that have been given thcrOr and allow me to call 
them foiimas, lizards, and sei-fxnis, like other people. 
The hard names mean no more than these ; but they are 
Greek, wliich is always more imposing-. 

The slownosa of the tortoise has passed into a, proverb, 
whio-h i& not to be wondered at ; for they cannot inhale 
the air, bccauso their ribs (which are a reptile's only 
resource forbreathing) are condemned to alsolute im- 
mobility. The carapace, or sliotl, which the tortoiso car- 
ries on tis back, and under which it retreats upon tliei] 
least alarm, aa nndcr a sliield, ia really formed of ita 
ribs, each of which has widened itself bo as to join on to 
its neighbor, like the boards of an inlaid floor, wkich 
run one Into another. Of conrae there is no question o( 
moving up and down with such ribs, and the poor bcl- 
lo^re cannot work at all. How does, the tortoise get out 
of this dilRculty tlien, you wUl ask ? I answer, it swal- 
lowa air, as wc should swallow a glass of water. Yon ^i 
see ita mouth open and then shut again, thereby takin^^H 
in an actual mouthful of nir, whicli the aides of tbeniouth, ^^ 
by contracting thcmseheg, send straight to the lungs, 
These, which are Tcry large, get filled in this way by-i 
degreea, and, when they arc quite inflated; they expel the 
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overplus by -GoUapsing, like an over-stretclied spring. 
You may imagine that tliia doo not produce a "very ac- 
tivo reapiratioa, and that a tort-oiac would bo puzzled to 
run at even a moderate trot. To bo sure, when he Las 
once filled his great \angs with air, he has enough for a 
loug time. Most tortoises are aquatic, and, as divers, 
leave ttie cetaceaoa for beliind. Merv', an obscure Prencli 
uflturaliat of the dajtJ of the Empire, pretended that lie 
had kept in his houss,/Qr a month, some tortoiscBj whoBa 
breathing he had completely stopped. Only :raagiQe 
from this how far their life roust be below ours, although, 
it is the resnll; of similar actions, performed by organs 
which after all are copies (imporfect ones, it is true) oi 
our own. 

Some tortoises feed on vegetable subatances, and some 
upon fish or small softrbodicd animals. Like birds, tliey 
toash their food with difficulty, by means of a, real bill. 
Their jawbones are gonerally arched forward toward tb& 
front, and aro fiimiEhed ■with sharp homy plates, in which 
a fairly-niark od deiiticnlation qr notching may 3-ometimea 
be traced, as in the bills of birds of prey. Indeed there 
is one, the caretta, whose hooked and notched beak bo 
completely recalls the warlike bill of a hawk, that it h 
usually known by the name of the " Hawk's-bill Turtle." 
Tou ought to know about this tortoise, for it is the one 
wiuch furniabea tortoise-shell, that nice material which 
is so smooth to the tonch, so pretty to look at, and so 
very fragile, that it ecema only fit for tlie use of ladies' 
hands. I could hardly speak of tortoises witboutsaying 
something of thia one, out of whose back was carved tho 
liandle of your own pretty little penknife. 

Behind this bill of the liawkVbill there is a tongnei 
but of tie claracter of a whale's toagne, and it is fastr 
e&cd Underneath to the bottom of the mouth. At the 
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base of it (here is a sort of fleshy pad or cosTjicm, Tfbich 
BCTvcs instead of a soft paktc, Uiat Ijdng another detail 
vbich is about to disappear from otr liistory. We are 
now roally entering upon llie Biiiiplifica.tiOQ of tie digea^ 
tivc tube, wliicli will, I forewarn jou, end by being 
nothing more tliau a perft-ctly straigLt pipe, withoEt 
any appendages wliatcrcr. In tortoises the intestine is 
Btill tolerably long, and is doubled up backwards and 
forwards many times in tUe abdomen; but it is already 
beginning to lose iSiat variety of form which its differ- 
ent parts assumed in the biglior animals. The largo 
int^tine can no longer bo clearly diBtingnislied from the 
smaller one, nor this from the stomach, which itself aQoms 
to be a continuation of the oesophagus, withont any very 
distinct boundary line between tliem. Tlia porter, who 
with ns keeps the door of the stomach, does bis duty here 
BO badly, tliat there are certain kinds of lortoiais whose 
oesophagus is covered with spines, the points inclined 
backward, to prevent the food from rising up into the 
mouth whilst the oesophagus is driving it down by its 
contractions. 

In the gray lizards of our walls we find teeth again, ' 
but very different from any tliat we have hitherto seen. 
In the first place, they are not content with their nan 
placo on the edge of the jaws, but encroach apon the 
Burfaco of the palate, where they stretch out in close' 
lines. Besides, they are even still leaa like teeth than the 
great nails in the jaws of the cetaceans. They are little 
ivory pronga, with the points tai'ued inwards, analogous 
to the thorns of the 0330phagus in the tortoise, and serve 
the lizard solely to retain and bruise his prey. He lives' 
on insects, especially flics, which he seizes on the wing 
with the greatest skill, hastily catching and engnlpliing 
them in hia open jaw ; they pierce themselves on the lit 
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Ic prongg, 'inii are swallowed promts caously. The 
longiie of the lizard haa also a curious peculiarity, wlilcli 
13 sLared by that of the serpent : it is divided at Uie end 
iuto two threads, which dart in and out of iU mouth, 
and by raeang of wliieh it laps, Klie a doir, tlio few dro["e 
of water it requires to satisfy its thirst. I havo soon 
lizards wliicli had been tamed bycliiklrcu greedily suck- 
ing uj) the saliva from tlieir lipa by drawing acrose^ tlicra 
those little forlicd tongnta of tlieirs, which, after al],arQ 
very soft, and perfectly iuoffensiTC. 

Tbc tongue vjf the cliameleon, another species of lizard 
is stlil more eurioua. Yoq must know that the chanie- 
Icon is a lumbering lazy animal, wlio foeda on dies and 
other swift insects, and wlio would, therefore, be con 
staotly liable to go without his dinner but that his tongue 
serves him for ^ hunting weapon, lite those of tlic wood- 
peeker and the ant-eater. "When at rest, it is an oval 
epongy mass, lying comfortably in the mouth, with noth- 
iDg formidable in ii3 appearance ; but let the proy come 
ti'isking round tlie ehamcleou, aa if deapiaing so helpless 
an enemy, and this great soft tongue is transformed iuto 
an active dart. It shoota forth like an arrow, and will 
sometimes seize the rash intruder at half a Ibot's dis- 
tance, transferring it with cqaal rapidity to the motion- 
less moutii. The blow is so soon struck, that it ia very 
difficult to sec hjw it ail happens. Some say that the 
chamoIooQ curves the tip of his tongue by a sudden ef- 
fort, and then catches Lis llios with Et, just as you would 
catch them with your hand. Others maintain (and ttiis 
ia the general opinion) that the tongue of the chameleon 
13 terminated by a sort of sticky cushion, on which the 
flics arc caught, like birds witli birdlime. This singular 
dart ia always oat-jcrkcd with such forco that, if it 
Htrik^a against a glass (the eiporimcat has been tried 
14* 
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with chameleons iq captivity), it makea a, sound aa lond 
as tint of a pea from a pea-sliooter ; so you may judga 
if it 19 not strong enough to stun a fly. Besidca ihia, 
too, Ilio cliaDicleou (wlio is by-tlie-by, a liidooil? little 
"beastj lias given encll<S3 trouble to naturalists on aDothcr 
and very different jjoint. It is Le wlio is bo celebrated 
for his faculty of changing color when any emotion agi- 
tates him f aud ever since the days of Aristotle, who 
lived more than two thousand years ago, people have 
been trying to explain this, without any one being able 
to flatter himself that he has found out the osact answer 
to the riddle. 

But tlioro is a lizard more intereating still, and that is 
the crocodile. He etandd uJoue among reptiles. His 
beart has two ventricles, and yon would think that ha 
ought to be included in the class of warm-bloodad ani- 
mals. But, no. TliG BeparalLon of the two kinds of 
blood takes place in the heart, it is Iruc, and it is really 
true arterial blood which the aorta carries away torn 
the loft Tcnti'icle. But the right ventricle liaa two doors 
of exit. One communicates with the lungs, the other 
with the aorta ; and tfic latter has hardly performed its 
difiti'ibution in the upper part of the body when it meets, 
as it descenda, with a treaeherons tube bringing to it a 
current of venous blood. In this way only half the 
blood that comes from the veins passes on to be regen* 
crated by contact with the air, and all the biader part 
of the body receives nothing but the mixed blood oim- 
mon to reptiles, while the head and foro laembera enjoy 
the privilege of the saperiop orders. After this go and 
lay down your laws of classification I Nature, while 
maintaining amongst all animals the samo principle of life 
— the regeneration of the blood by oxygen— iias in tiidr 
ranstractiou followed many systems leading to the samp 
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result by dififcront combinations, and which aeem to ptir- 
mit the estaljlishmeDt of csseatial distinctions among 
them. Here ia au aiiunal who, if I may so express my- 
self, is climhiug up from one system to the other, and 
yon would have to cut him in two liefore you could 
claaaify him properly, since his forc-quartcrs have risen 
to the warm-blooded animals, whilo liig hind outs are 
left beltind among tho cold-hloodod rcptilua! 

But there is eomething which even outdoes this. 

On dry land the crocodile is timid, faltering, a bad 
walkei', incapablo of regular combat, and a man can 
manage htm with a stick. One feels that he is betrayed 
by the hinder half of liia body, tlirough which circulates 
the oaiy half-osygenizcd blood. But ■v.dicn ooce lio lias 
plunged into the water his whol-0 behavior suddenly 
altera ; he is a ferocious being, high-mctUGd, indomit- 
able, a Ravage enemy, redoubling hia exprtiong, as if the 
entire mass of Lis blood had anddenly become arterial. 
Geoffrey St. Hilaire, who followed Bonaparte as a scien- 
tific explorer when he set out for the conqncst of Egypt, 
the country of crocodiles, was deeply struck by etudy- 
iag on the spot this double life, which Bcems in a way 
to maintain two beings in the aame body. He after- 
wards gave an extremely curious csplaLation of it in 
his wort on the crococliles of Egypt. Here it ia ; but I 
forewarn you that you will not understand it : 

" The crocodile, wbeu it is under water, recoiyes by 
two canals into the cavity of tlie abdomen, a consider- 
able quantity of water, wliich the animal can reucw at 

will." 

You are not much the wiser, are you? But wait a 
moment. We arc soon cotaing to ttic fishea, and you 
will thensec what an unlimited scope naturo has allowed 
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herself here. Not satisfied with two systeuiH in oua 
animal, sbe appears to have got hold of three. 

K we continuo the examination of this prinlegod 
reptile, VTG shall find many other iiifractiona of the uenai 
roles of his c]asB. Uis lou^c, certainly, id faglciiod tu 
liia mouth like tliat of the tortoise, s^o much ao that tlic 
nnuieat E^ptians told the Greeks iie had not got OW, 
l>ut his Bct of teeth clearly approach those of the lower 
mammab. You have prohahly heard a great deal of 
the strength of the crocodile's foriiiida"ble teetii. Trav 
ellers have given tlicra thia reputation ; but we have 
■nothinf^ to do with that now. They tjtand in battle 
array, in a single linCj aloug the wiiole length of the 
jiW8, into which they arc eimk with genuine fangs, 
whilst the prongs of our little lizard arc merely fastened 
to the surface of tlio bones which HU[iport them. Indeed, 
in one way, the crocodile is even better provided than 
the mammals. He poasesaea under each loollii one or 
two germs, the life of which lasts as long as that of tlie 
a.nini)k.l, and which arc always there ready to rejilace 
the previous one should it chance to fall out. There arB 
many ladioa, and (not to ho rude) gentlemen as well, 
who would, I am eurC, givO a. grca.t deal to have afl 
many teeth at their service. Indeed, thoy may poseibly 
think Dame Nature very unjust to have selected this 
great villanous beast rather than ua aa the object of a 
gift which they would Jiavo huen so well ablo to appre- 
ciate. But we must not blame nature too quickly : she 
had her reasons. We, dui'ing our infancy, have teeth in 
reserve. Now, a reptile may be considered aa an impcr 
feet rough draft of a mammal ; and tht orocodiFe gives 
one thoroughly the idea of a mamma] liaJf-fmiehed and 
fixed for life ia a state of childhood. I am aorry that 1 
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cannot cuter into full details, tliat yon might see how 
far the idea, is a just one. Moreover, ia h\s dioractcr 
of a perpetual cliiltl, lie is always growing tiggcr all 
his life long, and never seoins abla to die bat bj accident, 
hardly over, I may really say, from old age. Ev epeci- 
raecB kept In eaptivity, it has been ascertained that their 
growth ia very slow. Well, imagine their being only 
from seven to cif^lit Indies long when they come out of 
tie shell, and that full-grown crocodiles have been found 
thirty feet in length, and calculate accordingly. You 
Trill not account for it under a ccntui-y; and I should 
like to know what would become of tM? vcnerfihlc child 
of more than a hiuidrod years old if kind Mother Na- 
ture had not left Lini oni' system of milk-teeth to the 
end? 

A curioaa peculiarity of these pei-sisLcnt teeth is, thai 
they arc hollow inside, ao much so, that (he bowls of 
tobacco-pipes are said lo be made from them in Europe, 
I mention tlie fact, althongh of no great inferest to you, 
for the hcucQt of any pipe-mer&hantg wlio have not yet 
Ihoaght of sending for sueh things to Cairo, 

Eut let ua return to the efforla pereoptible in the 
organization of the crocodile to raise iteelf to a higher 
level. The soft palate, as we called it (Letter VII.), ia 
wan ting in other reptiles ; hut here thej-e ia on e which com- 
jilplely ntoyca tlic entrance of the windpipe (tiic larynx). 
I aniionnced, too, the disapineara-uco of tho diaphragm ; 
and WQ Ijcwailed together the loss of tliat servant of 
tho good old timeg, whose touching history you mu^t, 
I am Biu'G, remember. But I reckoned witliouc tliia 
wretched crocoilito, wlio scorns determined to give the 
lie to all wc have been saying. He lias a diaphragm, 
and one which acts -well enough in the main, althongl; 
it is pierced right through the middle, 03 if it were ra 
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Iher aaliamed of being there, and wialied to mal 
dividing the bod j into two compartmeiits, against all 
proper roptilo regulations, by opcniog A door of cOMtiiii.- 
nidation between tlicm, What sliall I tell you luesidos^ 
The luDgd, not to be bebind tbe rest of tbis aristocrnUc 
reptile's organization, are boUowed into cells mueli raoio ' 
coniplicatod than tliose of bis fellows. You find here 
Hu cad of Dooka and comers, wbich multiply oppotta- ^j 
uitios of contact bctivcon the air and the blood, and so ^H 
give llie crocodile almost the rispiratioa of the mam' ' 
Dials, as ha has already got pretty nearly their ayatein ^J 
of circulation. ^| 

With aerpcnts, again, wc fall very low. "Wlieu we wfcrfi ' 
BpoakiQg of the tortoises I told you that, in pL'0|)ortion 
as wo come down in the ecalc, thra digaslivc tube has a 
tciidoncy to get rid of its aeeessories, and to assume the 
appearance of a perfectly straight tube. If any one 
were to cut open a serpent before you, you would nets 
this final condition almost reached alreajdy. In the lirst 
place, the soft palate is entirely suppresaed, and tlio 
uiouth extends straight into the o^sophagna, whose tube 
Bcema to run tbroiigh the whole length of the body ■with- 
out iutcrruplioii, with juat four or five doublings towarda 
the base, in that part which represents tlie intestines. 
An imperceptible swelling indicates the place where tho 
real stomach lies within ; but in another sense one may 
call tbe cesophagos, and I might almost add the moutli 
itaelt', its stomach. You shall see how. 

The jaws of serpents are even in a mopo unfinisliod 
state than those of other reptiles. Nature Las not token 
the time to weld tbe different parts of them together* 
but those bcgiii by not being very firmly joined, remem- 
ber, in young mammals. The bones of the head, which 
support the jawB, are themselves movable, and 
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etaclicd irom the skiiU if necesaary, 30 aa to allow t!ie 
tliroat to open extxaorduiaTily wide ; tkua it ia not trn- 
COmmOQ to see a serpent Ewaliow animals mucii larger 
ttian itself. You "wilt be horrified wlie^ I tell you tliat 
the anaeontla, oao of tlie giants of the family, swallows 
lar^o quadrupeds at a Binglo mouthful. Wliat are our 
inoutlifuls in comparison with his ? however, it must be 
confessed, that his often take several days lo go down. 
When the animal hoa rolled up liia prey in his terrible 
folds, he pouoda and kucads it till it ia reduced £0 a kind 
of long roll, which iiC moiatcna with a copious slaTcr to 
make it slip down more easily. Then, attacking it at 
one end, he fastens this very expansive jaw upon it, and 

e gigantic mouthful slowly bogins its jouniey 5 what 
left outside the mouth, advancing little by little, in 
proportion as the digestion rcducca what has entered to 
pulp, and sends it farther down. This is on great occa- 
sional j hut in the caee of moro modest prey — a rabbit, 
for inatance — the mouthful goes in wholo at one gulp 
and remaina stationary, partly in the ojsophagu.^, partly 
in the Btomach, while tlie powerful juices distilled by the 
walls of tlio latter are dissolving it. 

You can sec that a soft palate would have been quite 
uaelesa here, and that the serpent has not much need of 
teeth to chew his food. Accordingly, lii,s arc nothing 
bat simple prongs, like those of the lizard, and, like his, 
they extend over tlio palate, the more effectaally to cut 
oif tiio return of the awnllowcd maeses of food. About 

humlred and twenty liavo been counted ia the throat 
the boa-constrictor ; but their number Tariea consid- 
erably in the different species. They arc not organs of 
he highest order, and natare ia not very particular 
it the qnantity. 

There k only one tooth among aerpents of ■which she 




398 



SEFTHIA. 



talcce EOlj- pirticilari 



;<1 that U lIlC TeOOOMMtB tootlt 



■euro, 

wliich filiQ liiL5 je^towcd OD (certain species, and which 
Rcrrcs Uicm for strikiag down, as it vere, ttic amiuab 
on wliiuh they (bed. Let us stody it ia the ratUosnakc, 
the miJbit celei.Tati:'i.l of thia odious race. On eai'h side 
of tho upper jaw yon maj see, isolated from the otlieis, 
Qnd cxcceJiag them all in length, a very stmrp fang 
pierced through by a tiny canal, which o[>eii3 into a 
phinJ placed at the root of the tooth. The Iwne whicb 
Biippfirta this little sipparatiis is very flexible, and wlien 
at rcat, the fang, falling back, hides itself in a fold of 
tho gum. Whon the animal wishes to bitc^ it springs 
up again, and tlie gland, comprised by the actiou of 
hiring, soiids ialo tlic little canal a jet of poison. wUidi 
runs through it into tho wound. As far as can bo asL'G^ 
tiiined, this poison paralyses the victim and disorders 
tho blood, wliidi at oiicca loses its power, and no long;er 
acts ai>on the organs as before ; still it is only injai-iouf 
when it lia3 been carried by the current of circulation 
into Ui« luosd of the blood : if swallowed, it has uo eflbet 
whatever on tho stomach. Now do not look at mc witli 
Bueh incredulous oyos, as if it were quite impos^^ihle any 
one should think of swallowing^ such a thing. You have 
no idea, what a scicatiJiu man ia capable of when lio 
bfomea to close quarters with naturo, for the purpose of 
'extracting one of her secrets. He has hia own fields <tf 
battle, where very often as much conrage ia displayed 
us on any other. 

These two fangs, in which lie all the power of tho anv 
mal, are of the greatest importance to him, and theii" 
want of solidity makes them liable to remain in the 
wound; wlisc!) they have made. In consequence of thls^ 
they enjoy tho eame privilege aa tho teeth of the croco 
dile, and in a atill greater degree croti. Behind each 
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poison fang lie in wait, not one nor two, Ijut several sen- 
tinel germs, ready at tiie fli'st akrin of a loss to set to 
work and re-supplj tlie diaarmcd serpent with Lis ven- 
1 omooi^ QCcdlo. Ha the serpent also IIyCb in a state ol" 
I perpetual cliildliood : lie iff always growing ; and I could 
I pot tell yon the exact natural limite of liis lifo any more 
than of thatof the crocodde. Thoy are gentlemen wbo do 
not allow themselves to bo very closely studied in a state 
of freedom. But these also grow very alowly, and soma 
hare hecn met with whose size had extended quite enor 
moiisly from their Jirat start. I ought to tell you, onco 
for all, that thia iudefinilc growth, joined to cxtremo 
loogCTity, is found in many of the inferior speciej whom 
wo have yet to consider. It seems the portioa of tbcsa 
nnBuished creatures, in which nature lias only as it were 
sketched in her work, and who seem vowed to cndlcaa 
youth, in teatimony of the state of childhood they repre- 
sent, a state transitory among the superior anlToals, hut 
permanent with tlicm. It bcIonQ;od of right, therefore, 
to the serpent, which in the moat unfinished animal wo 
have yet mot with, and who, at the first glance, acems 
almo:jt reduced to a more digestive tuhe, lodged hetwoen. 
a vertebral column and a series of small ribs, whoao num- 
ber Bomctimea reaches three hundred. 

The liver, whieh, with us, presents such u distinct; and 
bolky niaas, is here elongated into a thin cord, wliich 
nma the whole length of the oesophagus and iuttattne, 
to the walls of which it 13, to Bomo oxtcot, attached. 

It 13 the same with the lungs. There is rarely room 
for the full dcTelopment of two in this narrow conduit, 
where everything has to follow tho shape of the master 
of the bouso : one, therefore, ia often merely indicated 
by a very slight protuberance; tho other, prcacuting 
the appearance of a long tube, which extends nearly 
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lialf-waj down the body, and vbose feeble actioa baits 
periodically at each of those monstrons repasts, after 
which the torpid animal becomes nothing but a huge 
digesting machine. TVe have now reached the extreme 
limits of that organization, the most perfect model of 
which we find in man, and which ia no longer to be ro- 
oognized in fishee. 




We are becoming terriblj learned, my poor cbild, and 
I am balf afraid joti will be getting tiied of me. "When I 
was little myself, I Lad ratlier a fancy for breaking open 
those barkJQg pasteboard dogs yon know so well, to see 
wliat was iuside tliem. Why ahoold yoa not, tben, feel 
a certain amoont of interest in looking' -with mc into 
the inaidca of real animals ? Still I cannot conceal 
from myself that the e^^bj^3€t growa very serious at laBt, 
and tliat while I am busied in etruggling to fflabo my- 
self inteMigiblo through the endless crowd of facts which 
sniTound me, I am opt to neglect chatting with you as 
wc go along. Happily, however, here ia an opportanity 
for BO doing. 

Up to the present time we have lived, as it were, upon 
the explanations I gave you whilst studying the action 
of life iu yourself, and all the organs we have met with 
since, have been only, properly speaking, reproductions, 
more or less exact, of those which you yourself posseea. 
But, in passing over into the Idngdom of fishes, wo find 
oiu^elves in the preaence of something altogether new, 
and I must go back to our old familiar style of talking 
to open the subject. 

Take a water-bottle half-filled with wa.tfir, and shaka 
it well, and you will see a quantity of white froth come 
to the surface of the liquid. This is the air wliicli, 
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having beeu drawn in by iLe water, aa it went np bei 
down ii tlie bottle, is now strugglitijo^ to fly off again in 
bubbles as fiiat as it can. Uul the whole of it does not 
get away ; a Email portion rcmaina behind, and mclLs, 
as it wCrC, into the water, as n. raoreel of sugar Trouhl 
do, taking up its abode tliereid. This seema odd to you, 
bot 1 will toll yoa liow yoa may coavince yourec?If oi 
tLeiact. Get a small white glas bottle, slightly rounded, 
and tliJu at tlie bottom, if possible ; till it with water 
and hold it for a sbort tiote over a lighted taper, 
yon do this carefully tliero is no danger. You wil 
soon see luiy little balls, lookirg^ like drops of silvi 
rise from the botloin of the bottle, come up to the sm'- 
face, and burst. Thb is the air which was installed in 
the water, as I described Above, and which is now rua- 
ning away from tin? lioat of tho candle, aa the inliabi- 
tanta run away from a bouse on firo. After a time the 
whole will have passed off, and tlie tittle balls will cease 
to rise. 

But what Iiaa all tliis to do with fehes ? you aak. 

A very great deal, I assure you, dear ehild. If thori! 
had been a little fish in your bottle, before it was exposed 
to the flame, it would have found means to make use 
that air, whasQ original presence in tlic water you c 
DOtrefasc to believe after having seen it come out. It 
13 with this air that fisheg breathe in the water. Tliey 
do so rather feebly, I ndpiifc ; bnt, 33 if to make up to^. 
them for tlic small amount of the air placed at their dl^H 
]iiOHaI, it contains more oxygen than that we breathe out^^ 
selves, because oxygen, dissolving more readily in water 
thaa nitrogen, is there in greater proportion. Of course, 
you do not suppose that fishes have Imi^ like ours? I 
dare say you know the two large openings on each side of 
their head, called ^iUs, by which the fiEhcrnicn stri. 
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'them togetlicr to carry tlieui away nioro casLly? It is 
tLere you will find tlieir liingp, to wliich the namG of 
hrancliifs, or gilla, lias bceu giren, liccause they are so 
differcrjt fi-'oin otticr orcuns of respiration that it wjis 
impossible to use ono word for the two. Tlic arrange- 
mpnt of tiio gills Tarifla considerably fn the diffcrmt 
ppccies, but their general form, ia the samo everywhere. 
They are composed of a number of plates, consisting of 
an infinitude of Icafletii, arranged like a fringe, and sus- 
pended by bouy arches, into wliicli plates auil leaflets 
tbo blood pom-s from a thousand invisible cauals. 

First of all, tlten, ive must see liow blood circulates in 
fiahes. 

Like reptiles, tlieir heart has only one ventricle, and 
yofc the arterial and TCnoua blood go each its separate 
way without the slightest risk of being mixcil ; but this 
is because fisliK havo not that double system of veins 
and arteries wliicli hitherto wc have always mot "with. 
The venous blood gooa to the lieart, ivhich drives it into 
the gills, fj-om whence it passea forwnrd of its own ac- 
cord, as arterial blood into (iie organs, mn\<^.r tlic re- 
mote iutinenco of the orig-inal impetus from the heart, 
the newly-arrivcd blood iuccssaatly driving the other 
before it into the vessels of circulation. It does not 
flow very quickly, as you may suppose- ; and as the heart 
13 close to the head, its action is but very feebly felt at 
the extremity of the body, when this happens to be very 
long. Natoro has, in consequence, taken pity on the 
eel, whose tail 13 so far from its heart, and provided ac- 
cordingly. Dr. Marshall Hall has discovered near the 
tip a second, reinforcing heart, so to speak, which ha? 
its own pulsations, independent of the pulsatiois of thi 
one above, and gives a fresh unpetns to the dltiKgial 



334 



PJSOES. 



blood * wiiicli oflicrwific, as it ■wonM seeiii, would ecoi'coly 
be able to accorapliali tlie long return journey. Finaliyj 
even with an additional becirtiD the tail, tbc circuhtia 
araonf? flahes ia quite on a par with their respiration.' 
Tliey havo a raGlanchuly steward, whose lega are tmj 
heavy, and hia pockets very light, and their life comes 
down a peg lower m consequeaco. It is always tlifl 
same life nevertheless — you must never lose sight of that 
fact : it geta low In consequence of the imperfccHoa of 
the machine, but without changing its nature, any nioro 
tlian tlie light io our different eorlfl of ligtiting appa- 
ratus. You remcniber thnt compariBon of the lamp 
with wliich I began my story, and which you could not 
at the time sco the fall value of? From a dungeon 
lamp up to a candle, you have always grooge burniag ia 
tliB air at the end of the thrcuda of a wick. It does 
not burn equally well overywhore, and does not always 
give the same amount of light ; but that is all the difler- 
encG. From the mauimal to the fish, it is always hydrt^H 
gen and carbon (as wc havo said of tlic greasej whicc^^ 
oxygen seta on Gre in Uic iiuman body at the finonlrawn 
extremities of the blood-vessols ; only the fire ia lower 
in BOtao than Others, and the life with it. Let ns now^H 
look at the circulation of water in the fish's body. ^M 

The gilla communicate with the mouth by a sort of 
grating, formed by llio bony archer to which the giU- 
pLates are euspended. The fish bogina by swallowing 
water, which then passes through the grating and circu- 
lates round the innumerable leaflets of which each plate 
13 composed, and among wliich creep the blood-vessclB. 
It ia througli the thin coats of these leaflets that the 
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mjBtcrioug cxcbliage is made of tfic imemiiloycd oxygon 
ill tlic water aud tlio carbonic acid in the blootl. When 
tim ia over, the cover whicU closes the gilla opens to let 
out the Tvatcr, and a fro?h gnlp takes its place ; and so 
on contimially. When tho fiali 13 out of the water its 
gills fall together and dry up ; tlie course of the blood, 
already so weak, is interrupted by the breaking down 
and ehrinking of tho vessels, and tho animal can uo 
longer "breathe ; ho that we have here the curious in- 
stanco of a creature breathing oxygea like ouraelres, 
who ia drowned, if wc may use tho cspreasioji, in Ibo air 
in wliicli we find lifoj and lives in tho water in which wc 
arc drowned. "VVliile he is in tho watcc mattera take 
another course, and hia gills, moistened and aupported, 
accommodate tbcrasolvea perfectly to tho contact of the 
air, which deairea notldng bettor than to give up its 
oxygon to the blood, through the coats of the capillariea. 
Accordingly you will often see fishes— carps, for example 
— come to the sarface of tho water to inhale the air like 
u mammal or a reptile. This ia a valuable reBource, 
which supplements the parairaonioua allowance of aii' 
given out to them by the water. There aro even cer- 
tain fishes whose gillsi more firmly closed than those of 
others, bavo, in additioD, a number of cells, which retain 
for a considerable time a sufBcicat quantity of water to 
preserve the gills in their natural etatc. Those fishes 
can easily take an airing on land, where tliey breathe 
the air as you or I do, and are downright amphibians. 

The most celebrated of these iathc Anabas, or "climb- 
ing-fish," an Indian fish, which not only can remain many 
days out of the water, but alao amuses itself by climbing 
up the palm trees— it ia hard to nay how — and Catflblifli 
ing itaolf in the little pools of water left by the miii at 
the roots of the leaves. But we need not go to liwlvft. «i 



336 



PISCBS. 



find tfcose Wiindermg fiehea. There is ono of tliom living 
among o«rsch''ea wiio can walk aliout in the grass, ami I 
was talkicg to yon about him ooly jnst now — that is tliG 
eel. If you ever put enh in a fish-pond yoa muBt, I a* 
sure you, try to make it ageeablc to them, otherwise tlicj 
will liave no scrapie in setting [jolitenesg at defianceani) 
moving off lo seek their fortune elsewhere. In a country 
wiillt, whca the dew is on the grouud, you j'oui'sclf niaj 
clianco to conio across one or two of tltCse gentlemen, 
who have had their r()a,40iis for changing their residence, 
and whom you will sec gliding so briskly along that tliey 
will decGiVQ you into taking them for snakra if yonliave 
not a very experienced eye ; so miieh so, that in certam 
parts of Franco wlicrc the peasants ate snakea formorlyi 
thoy reconciled tlieinsclvea to the sickly idea by christen^ 
lag them !i£t7i/ci-oii--rrl3. 

On tl G other hand, fiahcs may be drowned in wator 
juBt as easily as ourselves if it docs not GODtain air. 
Tlio litLlo fish who could iiavo lived very well in tho 
bottle w{! wcrojuHt now talking about bcf(ji--eyou espoa- 
ed it to the flamo of tlie taper, would hare died in it 
after all the air-babblos had gone off ; and I liopo I need 
not tell yoii why. In the same way, if you leave fishes 
too long in a small quantity of water without renewing 
it, they suffer exactly as wc do if tlie air which wo 
breathe is not changed often enough. Aa Boon as they 
have conanmeil what oxygen ig in the water, it can no 
longer keep tlicm alive. It is then, efipccially, yeu. will 
seo tliem coiac gasping to tlic surface to call upon the 
air for help. Those who keep gold fisli in a, glass bowl 
ought to know this, and to change their water oftener 
than Ih generally done. When wo take poor little eroa- 
turos from their natural way of life, and set a human 
providence over them iu the jplace of the Divine one 
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wLicli liaa hitherto "been tbeir safeguard, the least wo can 

do is to acquaint our3cIvc3 with the laws of their esistr 

^■cnce, so that wc may not expose tlicmto the risk of suf- 

^feiing by oui- isaorancc. Fioally, tlicre arc fishes ivhose 

■gills, still more greedy of oxygen, will not act well ex- 
cept in tLoroughly aerated water, and who ■would boou 
die in our tanks. This is llio case with the ti-out, who 
is only happy ia the waters of Mlly counU'ies; rich wit!i 
all the air tliey have carrilcd along with them as they 
fell from rock to rock. Now that people are boginuing 
to do wIUi fishes what hag long ainco been done witli 
beep and osen — keep them in flocks to ha,ve them always 
ready for use — you may perhaps Lear a good deal said 
alwut vessels made expressly for the carriage of trout, 
itb a. thousand inyentiona besides for sendiag air into 
the water, and you will not have to ask the meaning of 
this now. 

' I promiged last time that I would revert in the chapter 
of fiifhpa to that marvellous transformation of the croco- 
dile which Lfts been explained by the torrent of water he 
draws into his etomach. Ton could understand nothing 
alxmt it the other day; but after what we liare just seen 
the explanation suggests itself. .Tust as the estraordi- 
ary activitj- of life in birds is explained by that double 
inization of blood, of which part takes place in the 
and part ill the reacrvoira of air placed cverywhcro 
the way of the capillaries, so thL3 Euddcn increase of 
energy in the crocodile the moment it plunges into water 
may be explained by a second respiration suddenly es- 
tablished in the vast cavity of the abdomen, by the con- 
tact of the capillaries with the water which penetrates 
.there. Hence the crocodile would tlicn have, like the 
lird, a doable respiration : only with him tho one would 
permanent and from ilic lunga, the other temporary 
15 
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and fpoin tho BtomacJi. By this, ou ttio one liainl, !ia 
would visa up to tSta birds, sinco Uie blood cncoiiiiL«rs 
air twice over in its course, wLilo, at tlie same time, I 
would pIuTige iuto tUo world of fislic;^, since llie Llood' 
lias to sock air in the water. Tlic aboTC, be it romem-^i 
bercd, is only a gupposition, and I ougLt to add that ,ii^| 
this caf'e tlicre woidd be n, good doal of danger in ol>^^ 
serving uaiuro at work, for iu front of tlie laboratory,^^ 
wliere she is toiling in secret, standa on guard a row ■ 
teeth, by uo nicana encouraging to indjacrcet iutruder 
At the aamo time, if tLcre ever M-ero a legitimate cob 
jccture, this ia it. Everything seema to conlinn it^ 
and if it be true, wc sliould liave in the croeodilo a' 
Bpccimeii of each of tJie four sjatcma adopted by naturQ^ 
for tbo mamma], the bird, ttio reptile and the lish. A^M 
first I spoke of two, then of tbree ; so that even in ray 
addition I was modestly below the mark, and had realty^ 
some groanda for recommendiEg our friends the cla 
ficra to beware wliat Uiey asserted in tbia case. 

Talking of puzzling classi EcationS, this i;:) just the piQ 
for meutiordug the b/xtrachians., who havo been mado 
into a class by themselves, but wlio most distinctly b^^l 
long to two classes at the earae time ; not iiko the cw^^ 
codilo by details borrowed from each, but by a frmda- 
mental change wliick tnlcea place at a certain period i^H 
their organization. Tlie batracliiaus arc in reality rq^^ 
tilffi, bat they are reptiles whicli begin by being fislira, 
and real lishea too. dH 

If you liavO ever strolled about in the country, yO^^ 
muat bavo often come actosa tlioao great pools of water 
which collect at rainy scosoas in, the ruts of deep lauos- 
Amuse yourself by looking into them, in early siimaicrj 
and unless the laud is too parcLcd and dry, the chance 
aro (hat you will aeo t^uanVitvca ot \v\.Wi \!«u^ fet 
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almost entirely eompoaed of a l&Pg tail joined to a large 
Lead, playiug jovially in, tlio muddy watei-s, and looking 
as if they had dropped ttiere fi'om the skies. These aro 
joHDg Irogs — tadj)oles, as wo call them — aiid they ara 

_ beginiiiiig their app-reaticeship of life. Enclosed in each 
side of tliose threat Leads, they Kave gills, and tliey 

'breathe in the same maimer aa fishes. Presently the 
two hind feet begin to bud out and grow, little by little ; 
then tho fore feet; finally, the tail wastes away till it 
disappears : aud tlms insensibly the tadpole is trans 
formed into a frog. Observe hero fliat the tadpole's 
gills share the aame fate aa his liah-tail ; they wither and 
disappear hj glow degrees, and gradually as they do so, 

I his lungs are developed. The anicnal changes his class 
Tery qnietly, and without ceasing to bo genuinely the 
Baine, althoiigli it would be impossible at last to recog- 
nize tho old iudividaal in the new if you had not heard 
ite history beforehand. This ie one of tho most strikiog' 
cseuipli£ cations I know of the mysterious process by 

■ ■which nature has insensibly raised animals from one 
eloss to fljiotlier, always improving upon her original 
plan withoat ever abandoning it. 

iOa tho shores of certain subterranean lakes wliich 
esiat in Carniola, a country anbject at thia time to Aua- 
tria, there aro to be fomid batrachlana fa.r more ambi- 
tious than our frog — namely, the proieave. These cumii 
late rather than change ; they become reptiles without. 
ccasiag to be fishes, if I may so express it ; they devel- 
op lungs 03 they grow up, and yet keep their gills. I 
could tell yoa a thousand other particulars about thcso 
batcicliiaBa if I wore to examine them all in succession ; 
^_ for it 18 a very motley family, in the bosom of which the 
^B transition from reptiles to fishes is in eome imperceptible 
^H manner accomplished ; trom Ibc fTog^ "which the utiani 
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Binufi conaeiit of nianScinii has always raokecl amoBg" 
I'L'ptiluii, lu t!ie axolutl or siren, wLo lives in Mexican 
lakes ; anJ who, feature ibr feature, U exactly like n 
carp, with four little feet fastened under bim. To !« 
quite iu order, tlic batracliiiana ouglit to Lave followcil 
the reptiles, for their interior orgaiiizatioa is tliB same ; 
but how rould I tell you about their gills wiLhoat ex- ; 
plEtiiiiug lliat there was air in the water ? and I ditl 
not woEt, for the e&ko of tlicso intruders, whose baby- 
hood-gills only just appear and disappear, to rob the his- 
tory of the iiiilios of its most interesting pointa. ^i 

Let m be datisfied, then, with this passing glnncent^^H 
dubious class, whoso history is only a repetition of ivr^^ 
othei'fl, and lot us return to cm- fricnda tho tisliest. We 
htivo Been liow they breathe, now let us look Low tliqF 
eat. 

The modificaliooa of the digeRtive apparatus arc end- 
losa among Oslies. The lampreyg, who arc ydaced io the 
lower ranks of tho claaa, carry out to its fullest extent 
tho typo which wo have already eeca indicated iu the 
eorpent. The digestive tube is quito ati-aight, without 
any perceptible Hwclling, and does not evcu go the whole 
length of the body. It cornea to an end at some dis- 
tance from, tho tail. Among some fishes on odd ten- 
dency begin.^ to display itself, wliich we shall meet witli 
a^iu further on. Tliodigeativo tube, after going dowa- 
wards towards tho bottom of tho body, jw we liave seen 
it do so constantly hitherto, doubles baek, and comeg up 
flgaia to tho throat, under which it empties Itself. In 
most casCB the Btomacli is distinct ; but it assumes a 
thousand different forms; aa if nature had wished to ti'v 
lier hand in all aorta of waya in tho construction of these 
haperfccfc Tertebratert, before adopting the definite ihode> 
which was to serre for tho others. ^^H 
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The liver Is enonntnis, and generally contains a great 
qutintity of oi!, (he taste of which you will know if you 
have ever ewallowcd a spoonful of cod-liver oil ; but in 
most fishes its old companion, the pamt-eas, has disajh 
peared. In ita stead yon will fiud^ close \ij the outlet 

l-of thB pylorus, the open ends of CGrtain email tubes, 
which are stiat in at their upper osti'emity like a " blind 
alley," and through ■which, descends into the inlGi-stieeB 

I a thick glairy fluid, giycn out from their sides or walla. 
The result is tlie Bamc, you sec, although tlic organ ta 
different ; and, rcniarka"bly enough, theae little tuliea are 

t wajiting among fisiies, which, like carp, Iiave a specifta 
of salivary glands in their mouths, of which the others 
Bbow DO trace ; Ixom which one may fairly conclude that 

I these glands and tubffl inutaally supply eacli other'a 
places. Ilere, then, yon see an iastanco of tlio light 
which different animal organisations tlirow upon each 

I other when they arc compared together. In fact, Ihia 
one cstablMics pretty clearly the real olSce of the pan- 
creas in tjje higher races, csliihiting it io U3 as an intei-- 

I nal salivary gland, intended to complola the work only 
begun by those in the mouth, in the case of \mj people 
who Bwallow their food too qaiekly. 

I There is the same diversity in the mouth ai! in the in- 
testine. Some fisheti, like the state, have no tongue at 
all. Others, Instead of a tongue, have a liard dry fila- 
ment, very nearly immovable, and which one would think 

I WHS put there like a stake, to sliow the place where the 
tongue ia to be found in the more perfect organigations. 
There arc even fisliea, like the perch and the pike, whose 
tongQQ is furnielied with teeth, of ratlicr fangs ; an eri- ■ 
dent sign that it has forfeited the confldential position 
occupied liy your owu good little porter.. You moat 
know alBo that the perch and the pike, liko mauv other 
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of th(!ir fiillowii, have tcctli all oTertbe mooA. Thk 

itivn.^ion of the palate b^ teoth, ir)ui:U bcgaJi ui the Lzari 
and tho serpent;, nasames alamuDg propordona here. Il 
Is not nicrnly thn roof of the palate nrhicli is ^oked'aidi 
teatli : ttliovc, br;lf>sr, attbc sides, everywhere to tfeererT 
limits of the ocHopbagiid, the little fatagB trioniphuitl/ 
stick ont their t^lcitikr points. It ia imptiesibk, ttecc- 
forc, to Htate tiit^ir unuiljcr, N'ntorc Las scattered tka 
broadcfiBt without couii tin<^, jwt tie she has done vilh Ike 
huir^ of Uio Vicnrd round the hnm&D month ; and tbe con- 
puriHon fci mjt so imju'r linen t as jou may think. Tber 
KomctiiDOK form cin actaal iatcmal board, even thicker 
tluui our nuim- one, anil which sprouts from the skio into 
tlio IjiirgniH. 'rij»;rc is our fish whose teeth arc so deli- 
cate and so clcmo together that, in passing your finger 
OTBT them, yoo would think jou were touching vrfTCt. 
Ttili doOB aot I'oftT to the shQ,rk, mind. His teeth an 
flharp-cnttirg notclied b'adee, hard as ateel, arranged in 
thr^-alcrning rowa ronnd the entraace of hia month, and 
cut n luan In two as easily as your inciaorg do a piece of. 
Apple. Others, Buch oa tho skate, have their mou 
paved — tliat is the proper term — with pcrfoctly flat teet 
The firat time your uiaaima is scndiog to buy fis!i h 
her to lot you have a akate'a head to look at. Yon m 
bo intcrcfitpd to see tho amall square iTory platea lai 
close ailjoiiiiiig ca(;h other, like tItC tilCs of a church floo; 
It ia in fact a rogalar hall-pnTcment, over Trhich the 
itora glide untouclied, and arc then swallowed down i 
llio lump ; tliua entering straight into the house wtlhont' 
having been, stopped by tho inacription nature has placed 
over your door and mine — " Speak to the Porter." 

But all thi3 is notliiug compared to the lamprey's ci 
trancC'hall, wliich differa from oura in quite another wa; 
The lamprey, aa I have already told you, ranks alroo&t 
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Towcsl among fishes, and couscquently auioug vci Icbrate 
animals, of wMct fiaho? form the rear-guard. Indeed, it 
is aliBOBt Btretching' a point to consider her worLliy to 
bear tlic proud title of a vertebrate at all ; for tlic ver- 
tebrnl columu, so clearly martod in otlicr flsbca, ■wliero 
ii forms tliG large central bono, is only faintly indicated 
in certain spocics of lampreys, by a soft thread (or fila 
DQcnt), wliicli is ratlicr a membrane than a bony chaplel^ 
and at the top of this mockery of a vertebral column if 
the creature's mouth. If you ever had leeches on, yon 
will remember the sharp sting yon felt ivlien the little 
beasts bit yon. Wtll, the lamprey feeds herself just in 
the same way aa the Icccli does. Her month forms a 
completoly cii-cnlar ring, wliieh Btieka to tlio prey, and 
through which runs backward and forward a sma-ll tongue 
arraod with lanects, Tbia darts out to pierce the elcin, 
and draws in Ujo blood as it rctreate. Roaud your lips 
well ; dip them so into a glass of water, and draw back 
your tongue, and yoii will at once feci the water rise 
into yonr mouth. It is by a airailar sort of proceeding 
that Icechca relievo people of the blood they want to get 
rid of ; and in the game way the lamprey draws out the 
blood of the-anlmalB n^Kin wliich she fastona. 

What a long way wo Lave come already ! How very 
far we find ourgelvoa here from the little mouths we first 
talked about as chewing their eatables so prettily 1 
With the laraprcy we bid adieu to the class Vertebrata 
■ — the nobility of the animal kingdom— among whom 
nevertheless wo mtist distinguish between the peer, who 
approaches nearest the person, of lus sovereign, aud the 
inferior provincial lords who live at a himdrod miles' 
distance. Tlierc is only one step from the lamprey tc 
the moUuaks or soft-bodied animals, and this is the eourse 
iriiicli animal organiaation seema really to liave taken 



844 PISCEB. 

in its progress. Bat nature never movea forward in a 
Biagle straight line. In passing from the mollnsk to the 
fish to get thence to the higher yertebrates, she turned 
aside in another direction toward a class of animals 
which rises far above molluscs, bnt which leads to noth- 
ing beyond. 

One would think there had been a check hero, as if 
the creative power, having discovered that it was going 
in a wrong direction, had retraced its steps ; if it be 
allowable to apply common ideas and expressions to our 
conceptions of that Great Intelligence which has ar- 
ranged the plan of the mysterious ladder of animal life. 

The animals we must examine next, on account of 
their superiority to the rest, are insects. Small as the ant 
is, it would not be right to let her be preceded by the 
oyster. 
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Befobe speaking of insects, my dGar child, it will ba 
necessary, iq ttic first place, to tell you to what primary 
division they belong aud ou what characters this division 
has liccn established. And here I find myself in a dif- 
ficulty. Wo have hcen bat too learned already, and now 
FC J'Uli the risk of bQCoiuiDg still more so, if we com- 
Qco an attack on tlie three primary diviaions which 
follow tho vertebrates. We shall have to encounter 
terrible naraoa. and tedious details, besides haviosr to 
take into account a thousand things of which we ha'ire 
not yet epoken. Wo are going on quietly with the his- 
tory of the feeding machiue which occupies the middlo 
of the body, and learned men never looked in that di- 
rection for the establishment of their diviaiona ; between 
onrselveg, it wa,9 not accommodatiDg enough. They 
have fallen back upon the locomotivo apparatus (iijofe- 
ment maehine) which affccLs the body all over, and which 
they have proclaimed to be the leading feature of the 
animal organization, without noticing however that it 
is, after all, but the servant of the other. It is. true that 
the great divisions are more ea'3ily established upon this 
point than tlie other, because the differences are more 
decided. It separates what the other unites, and ihm it 
13 that nature carries on that beautiful eombiuatiou 
which the Germans Iiave go accurately named " Uu Uy in 
15* (845) 
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Vitnebj," tliat is to say, slio ia always at work, as I liavfe 
already tol<l you, on Uie Hame canvas, but always cnp 
broidi^rm;; it with a different pattern. 

Wiist! I Lave aometLlng to promise, if you are vcrj" 
good, anil if tliis liistory (that of the feeding macliiEc) 
should liavo givon you a taste for inquiry. I will tell 
yoii another Mmo tlicListory of tlie movement macliiiifl, 
and there tlio claasLficalion of our learned men will come 
in naturally very well. In the moantiniG we will do ofl 
they do, and jiist slmt our eyes to tlieir divLsions, in 
which the fijedtngmaehine can have no interest, becawe 
thoy were established without reference to it. "We 
content ourselves, theu, without further pretension 
scicuce, with inodeatly esamliiing tlie last trausforraatio: 
of our pet machine ia the principal groEfs of the inferi 
animals ; of wliidi fjroupa I will now tell you the namea 
in tlioir proper order. They are as follows : Insects, 
Ci-ustaccaaa, Molluaks, Worms, and Zoophytes. Ton 
muflt take tlioac names on trust ; those which you do not 
understand will be explained in their places. 

1. Insects. — I know not where it wag I oace read tliat 
rliorc ore said to bo somethinj,' like a hundred thousam! 
Jiffcrentepecies of insects; and I verily believe this ia not 
all. Of course WG stall not atteaipt to review the whole 
of this formidable battalion. Let U3 take one of those 
you arc most familiar ivith — the cockchafer, for in- 
stance — and examine what goes on in hig inside. Tlic 
liiatory ig nearly that of all the otliCi-s. 

" Fly away, cockchafer, fiy !" says the soag ; and borel 
it is a bird that we have Iigi-g, and a bird which will ap- 
pear to you even more wonderful tlian those of whieli 
have already spokeu, when you liavo considcrpi] the si 
plicity, and at the same time the strength, of his orgaui- 
BattOD. His mode of flight is rather lumbering, it 
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Inie ; lie is, m comparison witli the largo flies, vrhat the 
nx is to tiiG deer j but when you contmBt the weight oi" 
hia thick body with the delicacy and narrow dimenaions 
of the two membranes wliidi sustain him in tlie air, yoa 
may well ask yourself kow iLoae little morsela of wings, 
thin as gold-beater's stin, can carry sucli a maas along.. 
In fact, thGi only acconiplish this foat of strength by 
dint of an esccis of acttTity almost startling to think of. 
■When you rim as fast as you can, how many timea, tliiuk 
you, do 3'ou move your legs in one second ? You would 
be Bomcwhat pnazlcd to say ; and so should I : but I defy 
you to count ten. Now the bird makes tiis wing mora 
much oftener when lie beats tlie air with rajjid blows as 
be Iliea ; but even ho does not strike a Ltmdred strokes 
in a second : and wliat is this to the feats of tlie eoek- 
chafer'a wing? It 13 not bundreda but thousands of 
times that he flaps his wings in a BCeoud ; and bore let 
me bint, by-the-by, tliat ■when people goriously wish to 
find out a method of travelling in the air, they will lay 
aside balloons, of whleh they can mako nothing in their 
present condition, and wilt Bct to work to fabricate ma- 
chines witL wings wJiicli shall beat llie air as fast as 
^030 of the cockchafer. This sounds extravagant, bat 
JlmTC seen an electric pile tiiod in a stand with glass 
feet, which caused a little liamoier to beat thousands of 
times in a second : and surely tlio hammoi- could have 
boon made to communicatoita raovoment ton small wing I 
Forgive rao tliia little castle in tlie air t The idea camo 
into my head a long while ago, and the cockchafer has 
jopt reminded ntc of it. I will not, Eiowever, pursue tlia 
cubject, n^^ither will I offer to exjdain the method used 
lor counting the beats of an insect's wing. That would 
earry us farther than would be deaii-able. 
To return to our little animal. I leave you to imagiofl' 
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tlie enormoag amount of strengtii required for sncL prfr 
cipitato motion, Wo iavc Bpokett oi" the rapid course 
of Ibc blood in birds during fligbt: who shall calcula-W 
its comparaLivo rale in tliia fiibulously wonderful loco 
motive, the cockdiaf'or ? And if we lift up tlio cuiraa 
ivliich encases it, what do wo beliold? Not a single 
trace of all tbe complicated circulatiou- apparatus you 
haTO Icamt to know bo well; ncitber heart nor veins 
nor arterica ; only a quantity of whitiah liquid, equally 
distribnted throughout the whole internal cavity. Not 
a. traco of limga^ nor any ajvparcnt means of i-enovation 
for this BGcroingly motionless blood ; for blood it ia, in 
spito of its color, or, at any rate, bEood in ita first atsge 
of formation. It also baa its globules — ill-forniod, it ia 
true, and altogether in balls — like those found in the 
chyle with iis ; which chylo, be it obstuTed, is the eaino 
color aa the blood of insects, and may also bo considered 
Hood ill ita apprenticeship. By what magic, then, ia 
this raw, imperfectlj-Ibrmcd etcwmrd, who Bccms alto- 
gether stationary, enabled to accomplish exploila which 
would Btaggcr his highei*-bred compccra, agile and per 
fccted na they are? Whore does ho piuk up the oxygen 
neeesaary for such repeated movements, it being an ratah- 
lifihed fact that no animal can move at all without con- 
suming oxygen, and that tlio quantity consumed is in pro- 
portion to the rate of motion ? Loot under bis winga 
for an answer. There, all along his body, you will ob- 
serve a number of small holes, pierced in a line, at regu- 
lar distances, and furnished with elmttors of two kinds. 
Tliey are the mouths of what are called lyetcAem, or 
breathing tubes : and from them branch out a multitude 
of little canals, which, spreading in endless ramifications 
through every part of (he body , convey to the whole 
mass of the blood, from all directions, the air wMcb 
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makes ite way into tlieni llirough ilic traclieal holes. In 
this case, joii see, it ia noE tlie blood which seekn the air, 
but the ail ivbicb seel^s the Ijlood ; whence arises a new 
system of circalatiou, wliosc action ia till the more enei*- 
getic bccaaae it is uiiintGrmittiDg', and makos itself felt 
everywhere a,t the same time. A little while ago "wo 
were wondering at the twofold respiration of birds ; yet 
thia is far less sarprlsing than the imivcrsally-diiTused 
respiration of insects, who may well be able to do witli- 
Out ]un{^a, feeing that their whole body is oae vast lung 
in itself. 

For the rest, do not trust to appoarancea, nor imagino 
that tlic blood of our friend tlic eoekchafer in reality re- 
mains motionless around the air-£nbOF, idly drinking in 
the oiygen wliicli is brought to it. Thongh n,ot flowing 
in enclosed canals, it is not the leas continoally displaced 
by regular currents, which sweep through and renew 
this apparently stagnant pool. Nor is this the only in- 
stance of yach a current presented to ua by nature. 
Guess, however, if you can, where you will Lave to loot 
for the counterpart to tho circulation of the cockchafer. 
In ocean itself I But, remember, notliing is absolutely 
little or great in nature, who applies her laws indiffer- 
ently to a world as to an atom. The blood of our world 
h water, which contains in itself all the germs of fertil- 
ity, and without which, as I have already told you, life 
13 irapoBsiblo either in the animal or 'vegetable kingdom. 
The water of brooks, streams, and riverg, flowa along In 
ehaunela, wliieli, when figured in a map, proseut to the 
eye of the beholder an. esact picture of the system of 
circulation found in the vertebrated animals. But the 
waters of the sea are borne along, like the blood of in- 
sects, by a, secret circulation, which cannot be repi 
rented on the map ; i,e. by immcneo cnrrenta everb 
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iii;^ly in action, Bomo on the surface, some in Uie mid 
heart of the ocean, which drivo it in eoasolc-as (jtmrsa 
from the equator to the poles, from the polca to the 
Ofjuatot ; so that the Supreme lutelligenco, in His nv^v- 
ruling' proyidence, haa orLla,inod the tame law lo set in 
movomfint the iramensitj of ocoan, and to effoet circula- 
tion in the cockchafer's few drops of blood. In the lat- 
ter we And the moving agent to be a. long tube, wliicli 
mns the whole length of the hack, and is called the doi 
tiol Tessel (from the Ltitia dffrsurtt, hack). I told yoa 
that tho cockchafer had no heart under his eairas?, but 
I Bpoke too hastily. The dorsal voaael ia a true heurl^ 
hnt a heart devoid of veins or arferioa, and thrown into 
til midst of tho blood. It dilates and contracts like 
onra, sucks in tho blood by moans of alde-Talvos, ■which 
act 113 onr own do, and drlvoa It back n^D.\n into the 
masH by that valve at ila extremities, which opens near 
the hood. From thence ttr'mes a continued to-and-Cro 
moTcmcnt, which senda the blood from the head to the 
tail, and brings it back again from the tail to tho head. 
But who would roeognias, in this simple priinitivG organ- 
isation, where all seems to go on of its own accord, as it 
woi'O, Iho eamc machine, with all its complicated more 
ments, that wc have been so long considering ? 

Well, in this apparently umvorgal shipwreek of all 
the organ? wc know so well, there ia jet one which sar- 
Tivcfl, and remains the same as ever, namely, the digest- 
ive tube, 'I began by saying tho insect ia a bird. IVia 
digestive tube is formed upon the aame pattern as that 
of birds, EO that natnralista have bestowed tho samai 
names on tho various parts in each of tliem. After tho 
ceaopLagus cornea a crop (Jabot), very distinctly indi- 
cated ; then a gizzard with thick coats, in which the < 
food is ground down. The hen, if yon remember, swal- ■ 



IJCS-ECTA. 

lows Euiall pebbles, wliich perform in her gizzard tta 

office of the teeth in our moutlis. Tlie coekclialbr liaa 
no necil to swallow anj'tfimg', nis gizzard is furnislicd 
with Httic pieces of horn; real tectli, Used in their 
places, wiiich have a great advantage over the chance 
tCCjtIi picked up at Tandom by the hcii. I poin1,ed oat to 
yow in birds, betwcea tbe crop and the gizzard, a swcll- 
ii^g 01' enlargement of the digestiTC tube, pitted wit^t 
small holK, where the food is moistened by juices. The 
same eulargcment is found here, eovercd all over with a 
multitude of small tubes, which might easily be mistaken 
for hairs, from which also falls a perfect shower of juicC3. 
The only dilTereuce is, that it comes after t!ie gizzard, 
inst&ad of before it, aa in birds. Some naturaliste, con- 
Bideriiig that the luaaufacture of cAt/U takes pla.ce here, 
linve called it \.\ia d( ijlijia ■eenii'icU ; ^ a semowlmt bar- 
barous name, but one which csplaius itself, and might 
witii truth bo applied to the duodenum of the highet* 
animals. Bile is poured in close to the hinder end of it, 
but yon must not look for the liver ; it has disappeared, 
or rather its form ia entirely changed. Yon romembcr 
what iXiaj/iincreas had become in fishes ; i.^. a row of 
tubes giving out ti, salivary Jliild. Such is exactly the 
appearance of the liver in the cockchafer. 

Instead of that fleshy substance on which hitherto 
the ofBce of prepariue; the bilo had devolved, you so* 
notluug but a floating bundle of long loose tubes, which, 
openiii;^ into the intestines, ponr in their bile. The 
organ is transformed, but we recognise it again by the 



* The corrcsiwjniiiiig protnliorauca of th-e tirda beare n name, 
Bomawliat Bimilar. but Btill more bBrbftrous, I bftd pasBeii it over in 
BllBnce, liemnae, I make tho coqfdaeian in all humility, 1 Aa not on' 
derst&nd ii ; bat a remorae now aciaea me ; it ia colled llie Vcntrvxtlr 
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office it perrormg, wliicU continTieB tho eaimj. As to tlic 
pancrM^, it i3 wanting hero, as !u the fisL with salivary 
glanda ; bot in ita place iu many insccte other tubes, 
actini^ also as gUiii ds, pour f-aliva into the j^^ari/ux ; 
i. e., the cavitj at the back of the tliroat. 

A3 yoa 806, thoreforCi ererything is found complota 
in this tiil>c of a. few inclics long ; and you can alao dis 
tinguish there a Bmall and a largo intcstiiic. Wo art 
Bpeaking of the cockchafer, wliich feeda on the IcaTSJ 
of treoa ; and it ia for this reason I name some inclies 
OS the length of iLc digestive tuhe. This would not be 
loDgor than the body itself, had it been destined, as m 
the case of many other iusects, to receive auiitial food. 
Iu fact, the law which wo have shoHTi to exist with ic 
gnrd to the 01 and the linn, rules also over the insecU 
world I and whilst a ratlical change scema to have been 
made in Uio rist of the organisation, here everything 
is ia its place, a.ad we find dutbcIvcs in thf; sanid 
,6y6tcm. 

"Wag I Qot justified in ossertlog that the unity of tlio 
animal plan is to be found in the digc&tive tube? and 
lliut tills Is the nnchnnging basia upon whidi tho Cre- 
ator of the animal world had raised his varied constmo 
tioua? 

How would it be, then, if wc were to take the insect 
from iti starting-point when it ia only a worm, that ^J 
is to say, merely and eimply a digestive tube? for I am ^M 
only telling you a aniall portion of ita history here ; a ^ 
history you must know, which reveala a miracle still ^^ 
more wonderful than the transformation of the little ^| 
tad[iolc into t!iG frog! There is a briUiant-colorcd fly 
Tvldch comes hiiaring about the iaeat«afe — the blue- 
bottle — do you kuow her? It is on her account that 
wa pat large covers of iron wire over the dishes of 
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meat; but, perliaps, you ncrcr troubled yoorsclf to 
think why. 
But the truth is, she only cornea there to deposit her 

[eggs in tho good roast-meat; and if she could get uoar 
enough to do go, you Tvoiild soon afterwardt3 sec it 

I Bwarming with liltiu white worms, which would cntiroly 
take away all your appetite. These worms are only 
fHea out at nurse, and tliey will find their wiuga hy-aad- 

Iby if yoD only give them time enough. Disgusting as 
they may appear on a dining-tablo, I assure you they 
deserve more interest than you may tJiiDlt. When wo 
come to Rpcak of worms, wo will ask of them to let out 
the secret of the mysterious transformations of animals. 
In the meantime, let us finiah tlo observations we 
were making on iho pfifeet inject, as thia little creaturo 
is called when he has passed through the intermedEate 
stages which SGpara.te him from the undeveloped condi- 
tion. Forgive me, my dear child, here I ara epcaking to 
you as if you were a grown-np woman 1 This is because 
it is so difficult to explain things of thia sort m any 
other way. And now that you have been introdnced 
into the midst of tho wonders of creation, you ought to 
familiarise yourself with the ideas and terms they have 
Buggeated to maukind, I bego.Q with you as a child, 
and great would ho my tTinmph if I could leave you a 
grown-up girl 1 And I flatter mj^elf that I have so far 
set your brain to work, under pretence of amusing you, 
that this hope is not altogetlier unfounded. I found it 
necessary to say this to you in confidence, because I 
have just read over our first converaatioua, and perceive 
that I have insensibly put you on a different diet from 
the one I began with. I am obliged to comfort mj'sclf 
by remembering that yon have grown older sincC', and 
tlmt yoQ aro &ow acquamted with a great many thingai 
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wliicb you liad never heard spotffli of then. Aad tliis 

13 the secret of all transformations. Wc crept on at 
first over groand tliat was quite unlinown to ua ; but a3 
wc went along, our ■winss? must hnvc he;5mi to gi'Ow, ajid 
wo arc now ahlo to fly a little I 

Do not be afraid, liowcvcr ; I will exorcise jour tiny 
butter ilj'-wiDga very cai-cfully just at preaeut, Wg liavo 
only lo examine what Tjccomes of the e/tyle of the cock- 
chafer after It has boon prepared ia the pretty little tuba 
60 finely wrought. We men liaTo chyllferotts vessel* 
which draw up chyle from the inteatinea and throw it 
witliin a short diataaco of tho heart, into the torrent of 
Mood, where ila educntion la completed. Bat the coct- 
clialbr, who h&R no other vessels than his air-pipes, anil 
tliQ dorsal tube, which has no coKinnitiicatioii with the 
intostinog, what is he to do ? Do not diatross yourself 
about liira. Mako a tube of a hit of linen, well sewa^J 
together, and fill it with water. Sew it together aa^M 
firmly as yoa may on till sides, the water will liave no 
difficulty in escapiug tlirough the mesliea. And this is 
just what happens with tlic little tubes found in aiii 
mals, the coats of which arc formed of interwoven Qbrosfc 
By-thc-by, fi-oin thence comcs their name of " t-mue"^ 
which thcj share in common with all the solid substances 
of tlie body, for all M'cre once supposed to have the 
same general structure. The intestine of the cockchafer 
floatg, did I not say? in tho lake of blood which fills 
the whole cavity of the body. "Well, then, the chyle has 
only to penetrate through theao coata, to go where (t i 
wanted. Hence it is not at all Rurprisiug that tbi 
biood should be white ; and I havo very good reasons 
just now for comparing it to our dtyle. It is, indeed, 
chyle arriving directly from the place of ila maunfac- 
ivifr, without undergoing any otlier proeras ', )iy wliii 



m 



INSBCTA. 



866 



yun niay seo that this littlQ mdcliine (of the digestive 

organs of the cockcliafer), though dLffering in appcur- 

anco BO entirely from ow o\vii, is reducible to the same 

elciniOntS of co-uS traction, nnd that Hiu is inaictained bj' 

^ the same process as Tvitli U3 ; iianiely, by the action of 

H^tbQ air upon the albumen extracted from food. Tlio 

cscbcliafer, it is tmOf 19 much furth-or removed from buing 

^ a fcllow-ereatni'e of oars than evcu tlie horse ; "but the 

■ principlo of life is the same with him as with us. And 

this is quite enough to cause children, who can feel and 

*rcaaon, to think twice before ttiey begin to torture, by 
■fraj of amuaeuicnti a crcatnrc whose life the God of 
goodness has subjected to the same conditions as onr 
own, Ispcak this to those miserable little csecutionera 
who raalcG toys of soffering animals : l)ut the case is dif- 
fpront with agriculturist, who haTO nocessai'ily to con 
tend with the doTOm-oi-s of their liarvestg, and whom, 1 
admit, it would not be reasonable to bind down "by the 
maxim of Uncle Toby.* 
^ But. now to finish with the cockchafer. We have got 
Hto esain\Qe one very important part of Ids body, that 
which in other animala has been the one most talked 



f " I Love Introduced my Undo Toby, who really las notliine to 
do liere, in orfer to malta y-ou acquaLnted witli a few lines of Starae, 
ivbich I wieli I could plucQ before the eyes of every <cluld in tlis 
world, 

"Go!" Bttid he, one day at (able, to au ononnoua fly which had 
been biusing' uround Lis ddbo and had cjucUj tormented him all 
lUnner limo. Afltr many iLttompte, ho finuTly caught liim in Ida 
hand. " Go I I will not do t.Iiee any hann," eaid my Undo Tohy, 
tmn«{ and cnesing Lha room with th-o fly ia hla hand ; "J wgold 
not hurt a linjr of yoar head. Ool" Baid hu, opening the ivindow 
find his hund at the Bnraa moment, to let iLo fly -escape ; "go, poof 
littJo dRyil ; nrviay with yOn ; nhy ehould I do yea any Larm? tha 

I varld is certainly largo enongli to contain both of as t" 
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nboiitcvcr sinco wo began our study : I mcautliGmantlL 
You know ttiat this is the essentially variable point in 
liie digcativc tube ; bo that you wiH not bo much Btu-- 
prised, should we find he has sometliing altogether ner, 
The moutli of the cockchnrcr is compoacd of a great 
nuQlhcp of small pic&ea placed externally round tk 
entrance to the aHmantdry canal; but the ramea of 
these, a.3 thoy would not intoreat you, I will not entu 
opoQ with you ; more espocially as they refer to &U( 
tiny morsels, that you would have great difficulty In 
liading them again on the owner. Of theac pieces only 
two arc worth our attention. Theae are two hits of 
cstrctuoly liar J liorn, placed one on each aide of the ani- 
mal, wluuh arc called " maudlUes," aud which ser^ tho 
. cockchufer to cut up tho leaves which he oats. Fanoy ^ 
your Bliaro of teeth being two huge things Dxed in thg^H 
two corners of yoar uiouth, each advancing alone against" 
the other till they meet under the nose! Ton would 
tlien attack your tiirta witli the weai>ons of tho cock- 
chafer I You would not, however, be able to bite them 
straight through from the top to the bottom, as is douo 
by all the animals whom we have yet &eea. It is tliis 
which so peculiarly diatinguiahca the insect's manner 
feeding ; for we have already been taugiit by tho bi 
iind the tortoise, that it ia possible to eat with two 
pieces of horn. The cockelialcr now ehowa ns Iiow to 
cat eidewaya ; but this is merely an accessory detaiL 
It docs not affect what happens after the mouthful 
Bwallowed. All insectS; however, have not this pccul 
arity. The eockehafer belong to the category of grind- 
ing iflsects as they are called, who bite their food : but 
there Je the category of the sucking insects (or suckers), 
whose food consists of liquids ; and these insects are 
furnished in a different manner. 
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In the innoceot tutterfly, who lives on the juice of 
floweiB, tLo digestive tube tcrmiaatea externally in a sort 

^kf IntnJ'c, twisted in several convolutions, which is nothiug 
moro than an exaggerated elongation of the two JQ.\vs, 
which become hollow withiu, and fortn a tnljo wlu?n 

^Bjomed together. When the insect alights on a flower, 
lie suddenly unrolls this trank, and sucks in the juices 
from tltc depth of its " corolla," as you would drink tt\i 
liquid with a straw from the bottom of a Email vial. 
Amuac yourself some anrnmer's day by watching a bnt- 
tcrSy in his labora aniono^t the flowers: Bonietimes ho 

HjFtopB still, but oftener ha 13 contented to hover over 
tlicin ; and, aa he does eo, you will see a little loose 
ttircad, as it were, move backwards and i'orwarda as fast 
as possible : this 13 his trunk, which he darta out, while 
flying, into the corolla of the flowcra, but which scarcely 
Bcemg to (fluch theiu, RO delicate ig its approach. 

■ Less iiiofTensiTO far ia the trunk of the uiosquito-guat, 
ond of all the detestable troop of blood-sacking flieg. It 
is alwaya a tube ; but thia tubs is no longer a simple 

B^'^Q''"''! l*ut a eheath furnished with stilettos of such cs- 
quisito delicacy and temper, that nothing is comparable 

■ to them ; and thesc^ as they play up and down, pierce 

■ thcskin of-tho victim, like tlie lancets of the lamprey, 
bad, like them, draw in blood aa they retreat. 

Finally, amongst tho jinrasUe-i, the last and lowcet 
B group of insects, the atilefcto-slieath is reduced to the size 
of a kind of little tube-sliapcd beak, wldcli, when not in 
use, folds down like the fangs of the rattlesQako. 

■ You do not know, perhapg, what a parasite is. The 
word cornea from the Greek, and sig-nilics literally, " iJmt 
which 7(iove3 roitftd ika corn." The Greeks applied it to 

|.tIioge ehamelcii'? paupers who, to c&capo honest labor, 
■ made their way into tho houses of the great, and enjoyed 
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tbemselves at tlicir cxpcnae. Thcae parasitea are littla 
animals wliidi settle theraselvea on large ones, to suok 
in, without having worked for it, tiio Ijlood whieli the 
othera have uianuractured. Tho wolf lumts, lights, and 
teara its Tictim iii piccca ; and tlien, 'hy uicang of tliat, 
interior labor which 1 have spent so mucb time in da 
SCriTjing. transforms it into nourishing liquid : and wbon' 
ail this la accomplished, the little flea, who livM hiddor 
among his hairs, coolly draws out for his own use th(i 
valuable blood obtaiucd with so mach effort. There nro" 
many parasitea in tlie world, mj dear child — ^yourself, 
for instanto, to begin mtii — irho are perfectly lia|ipy toi 
chc^7■ your bread without oslting where tlie corn eomw 
from which made it. Bi]t you have heart enough to see 
plainly that this iodilference ought not to last, and tha( 
it la not honorable to go nn living in this indefinite mai 
Dor at other people's coat oaly. 

You will Bomo day have duties to fulfil, wbich yos 
should accustom voui-solF to think of now, in order that 
you may preparo yourself for t!i<Jm beforehand, so that, 
it may never hereafter be said of yon that you passed 
through tbo midat of liuman aocicty, talting from it oil 
you needed, witliout giving it back anything in return, 
I advLso you to conjure up this idea when the time conies 
fo leave off playing and begin preparing to be of use 
Tbo sort of tiling is not always very amuaing-, I admit 
but you must look upon it as tlic ladder by which yoB 
will be enabled to rise from tho de;;radation of a pariv-" 
Bitical life. K you wore in a well, and 9omo one wore to 
let down a real ladder for you to get up by, I do nol 
think yon would complain of the diflicnlty of iBing it,1 
Tt is for you, then, to consider whether you would lik 
to remain for ever in your present condition ; for thoaC 
who leani nothing, who auhmit to nothing, who are good' 
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nothing, but to aliow off and arause tliciasclves — ■ 
tlitso renia.m parasites all their Htcs iu reality, hgwever 
little tliey may sometimes seem to Buspect it. 

At yonr age, however, there ia still no disgrace in tiio 
matter. G-od shows us by the insects tliat little things 
arc allowed to be parasitical ; but on thia subject I must 
return t-o a point in the history of animala wLlcli I 
touched upon before. I told yon, in speaking of the 
crocodile, tliat tlie perfect state of the inferior animals 
is found represented in tlic infancy or Ies3 perfect state 
of those above them : aud I may say the same again 
with regard to iiiseets. All the young of the mammalia 
Ijegin life as ]iaraaitc3,at least, as suctiug animalg : for 
they all live at Drst on tlicir mother's milk, whieh is 
nothing more than blood in a peculiar state. But the 
name of pai'asite among insects is generally confined to 
those which take up their abode on the bodies of their 
hosts ; though in common jasticc it might equally well 
be applied to the gnat and his relations, whOiWhCn occO 
full, make tlicir how and are off, like the Idttcn when 
lie has fmiahcd Bucking. Well, without meaning to find 
fault, if we descend to the lower ranks of the mammals, 
we shall End among them many parasites in the received 
BCnso of the word. You remember the pouch to whieh 
the marsupials owe their odd name. The young kanga- 
roo remains hidden for months in the pouch of its mother, 
feeding eontinually all the time ; aad it is then a strict,' 
parasite- JDm-ing tiio four following months it goes in 
and out, and strolls about hctwccu meaU, like othei 
young ones of its class, and is tEion an animal at nnr^e 
nffording tbu3 a twofold example of the tondeucy of the 
great Creator to repeat Himself lu His conceptions, 
here using for the infancy of the mammal the systeio in- 
vented for aduit insects — clecwlicre repeating the Ijiit 
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terfly in the humming-bird, who may fairly be called a 
vertebrated butterfly, and reproducing the gnat in tlie 
vampire-bat, which I look upon aa an enlarged and ppi- 
fected revise of the original pattern, whence cornea the 
scourge of oar sweet summer nights. 

And now, surely, I have said enoagh about these 
parasites, whose very name, I suspect, will make yoo 
shudder after my impertinent application of it. Kever 
mind : it depends entirely upon yourself to get rid of 
whatever you find humiliating in the position I have 
hinted at. Do all you can to bring happiness to the 
parents on whom you Iiv« at present, and who give their 
life-blood 80 willingly for your good. God has made you 
very different from those little animals who have neither 
heart nor reason to guide them. Do not be like them, 
then, in conduct. By a little obedience and love — child 
as you nre — you can pay them back what you owe, and 
they will newr complain of the bargain. 
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cauBTACBA — MOLLDSOA. (Oi-ustodeans and MMusks.) 
^^^r Cmstaceans. 

■ CnnsTACEAH'a consist of cray-fisli, crahsi lobstera, and 
i prawns, who may be consIdGred cousins-german of insects, 

among wliicli more tlian oae naturalist Iiaa tlioaglit they 
ought to Ijc placed. Lilie tliem ttiey arc diTided into 
grinders, having the same action of die marnliljles ; and 
mK-l-er.% wlio arc also parasites, and have labdar aheaUis 

■ containi-ng etilcttos. Mammalg and birds axe the vie 
(ims of parasitical insecta ; fialics have been rescrvod foi 
the eriistapeaas, who do not disdain also to fasten apon 
their humble neighbors, the mollusks ; and even among 

I themselves the little ones Hcttlo down on tlie great. A 
few live on land, but an immense mnjority in water, and 
Hecra deatined to represent, in the aquatic world, the 
aerial class of iasecta, from whom, howerer, they differ 
in maiiy ways- 

■ The first difference is in that stony crust with which 
tliey are enveloped, like tho coctchafcr in hi-3 horny 
ciiirusa, and which you must know well enough if you 

■ hare ever eaten lobster. Wherever wc meet with horn in 
inscicEs, we And ptonc in crustaceans. The jaws are 
stony, and the teeth of the stomaeh also. Tlicy arc con- 
structed on the samo plan, only the materials are 
clmDgcd. 

16 (301) 
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TLo digestive tnbc Ls less complicated, aud cotmisla 
mcrclj' of ouc large atomact. instead ol' tliat serici oi 
"tomaclis hj wliidi iosccts ap2>roacli fcUo orgamaatioi ot 
birds. Oil tlift other hand, if among some of tiiom Ihfl 
iireri=s reduced to Eimplo tuboa, floating loosely in tlie 
body, as we have just seen it in the coekcLafer amoci[! 
ingects, tlicso tubes are gcmrallyao profusely multiplwd, 
aiiil press so closcJy agiiinst each other, that they forma 
largo compict lump — a true liver, to sum op all— from 
which i&sucs, ag from ours, a cholcdochian canal, a bilo 
duct, i. (■., wliicb. pa.^.scs ont into the intOBtiiie at the en- 
trauce of the pylorus. 

You recollect that canal of the liver wltich I Tcaa 
afraid to tell you tlie name of because it was so ugly? 
Well, tliia 13 that fo-rniidablo name I Now that you Lave 
fiwflllowed ao many others, you must bo Btroag enough to 
digKL this. 

No cliyliferoua vcasela have becji found in crustaceans. 
(vlieucc Qw, may conclude that Iho chylo leaves the iutes 
tine by ooziiiTp froai it, just as it does iu inaocta. There 
it gives rise lo an almost transparent sort of blood, a 
Ijind of sap, or lympli, which ia put in motion "by a 
genuine eiretilfttion-npparatus ; a real heai't^ with all ite 
cauals. This heart liaa only one ventricle, and onlj" 
Bends blood iu one directiou, aa iu the ease of Qsbesi 
but there in au essenti^il difference between tliom, ■which 
wo must point out. The licnrt of fishes may be called a 
veuona heart, eince it only receivca vcnoua blood, whicli 
pnaacs thence to the gills, while that of cruataceang is nn 
arterial heart. It receives the blood directly it leave 
the respiratory orj,'ari, and sends it, not into one aorta, 
but into several arteries, which set out at once, each in 
ils own diroction, to nourish tho various quarters of t!ie 
oody. This greatly resembles the system of eirciilati-or., 
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ritU ■wliicli wo arc alrearlj acquBintcd. The veins ooly 
are unsatialaclory. They form a kind of transition "be- 
tween the uncertain carrenta wliicli convey the blooJ of 
insects Croui oae end to llic other of tlic cavity iq wliicli 
these strange organs tie Ijatliod, auil tlio closed canals of 
tbe Liglier animals. But they are not canals, properly 
speaking. Tho irregular intervals which separate the 
organa, more nomeroua Lere, ave enclosed hj membranes , 
between ivhich the venous blood pours, and naturally the 
chyle also. Tlie wbole tlias arrivoa at certain excava- 
tiona formed at tlio phico where tlic legs are jointed on 
to the body — resorvoira, so to sijeak — ^where tha real 
eanals come to carry it off and convey it away into tbe 

It is, in fact, by means of gilla that crustaceans breathe 
in their character of aquatic animals. These gille are 

^made nearly upon tho same model as we have already 
icen in those of flgbcg ; and although tlieir form and 

"aprangemeut differ in difl'erent species, yet tbe principle 
ia always the same : tbey are tufts of leaflets epringiag 
from etoms, up and down which rim two tobes ; one 
which bringa tbe blood from the Tcnoua reservoirs, the 

.otiicr whicii carries it to the heart. Crabs, lobBtcrs, and 
crayfish, who arc the " file-leadera " of the crustacean 

' tribe, liave gilla enclosed in tbe body, as fishes havo ; but 

,tbe circulation of the water goes iu a contrary direction 
theirs, as does that of the blood. Instead of entering 

'at the mouth and going out at the side-i,a&we baTO scei;, 
it enters at ide edge of tho bony sliell which covei-s over 
tbe body and comes out near the mouth— a merely acci- 
dental detail which doe3 not iu any way altei the play 
of tbe apparatus. All these animals are equally adapted 
for flwimming and for walking, crabs egpecially, tlieir 
eilla accouiiuodfiting tbemselrea without difficulty tn 
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contact witii the outer air, as we have seen ammgccr 
'a\n fishes ; so that one might class them with amphibi 
ans. There is even one crab who has acquired the name 
o^ land-crab, bccaase, although he has got gills, he dies in 
water, the small amoant of air he can get out of it at a 
time beiug insufficient for him, and who, therefore, Uvea 
eoii.^tantly on land. It is true tliat he seeks out damp 
spots, for ills gills would also fail him if they became 
parclied, and, like the fishes who make excursions on drj 
'and, he is provided with an internal reservoir, which is 
always filled with a certain quantity of water. 

Some aquatic erustaccans have the labor simplified by 
external giUs, which hang down into the water, some- 
times depending from the stomach, sometimes from tba 
legs. In Franco you sometimes see at a table certain lit- 
tle animals, very like shrimps (squillce), the bases of 
whose hinder legs are fringed by slender tufts, which 
are in fact their gills. They find themselves placed 
there just within reach of the venous blood ; for in the 
body opposite the bases of the legs are little cavities in 
which it accumulates. Now these gills can only act 
when under water, and so the squilla dies as soon as he 
is removed from that protecting element. For the same 
reason they cannot bo kept long, nor travel far, much to 
the regret of those who like them and live at some dis- 
tance from the sea. 

There are other crustaceans, next-door neighbors of 
the squilla, whoso gills are still more simplified. Here 
the legs themselves are turned into extremely thin plates, 
which play the part of gilla, and are thus organs for two 
purposes, serving at the same time lo swim and breathe 
with. 

Wo have in our house one little crustacean, the only 
one I know of who associates with men, and that is liie 
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wood-louse. You must know the little grizEly beast 

■which rolls itself up into a bnll whenever it tliiaka itself 

Bin danger, ftud who would ho taken for an insect bj any 

W one ttIio wa5 not tnaglit otlieririsc. The wood-louse liaa 

■ neither gilia liangiug down outside, nor anything inside 

HlicT body whieU reaerablea the breathing' apparatus of 

her great relations. liut, on examining hor closely, yon 

will perceive all alung her stomach a genes of Httla 

plates, which arc her breathing-orgraus, and which come 

isnder the cla33 of gills, because, HIvb other gills, they 

require a certain degree of moisture to make them act 

properly. Yon will never, tliercfore, aee a wood-loiisfl 

iBtrnttintf about in the simshinej where he would dry Up 

Ijar too quickly ; liut it" over jou get into a dark, damp 

tcoraer, there you have every chance of finding one. 

Animals who breathe tlu'ough their legs anil througl 

ttticir stomadis 1 You ai-e astonished, and nsk, What arc 

re coming to ? What would you say, tliea, if I were to 

fXCally to (Ik^ deptlia of the crustaceiin world? "We 

Id find there such c-.ttraordiuary beings as you can 

form no notion of, for they all live down below in the 

[eca, and have no special breattiing-orgaii at all, inasmuch 

[aa they breathe through the whole suiTaco of the body. 

IDo uot exclaim yet ! I will soon show you one whom 

yon know perfectly well, and wlio has no other way of 

tbrcathing^- 
Bat WQ muat keep to tlio higher crustaceans, if wo 
■want to judge of the class. By going too low, wo run 
the risk of not seeing clearly. Animal ci'eatiou is hero 
[on a system of experiments : and they are bo cndlraaly 
miiUipUedf and exhibit such a profusion both of decep- 
I tivo i-esem.blancc3, and of differences which disappear 
I by transfonnations, that class ilication. no longer kuowa 
which way to turn. Worms, croataceans, raoHuaka j tc 
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wliicli group do theae and tlio&c belong? To w¥n.l 
«vL»r we like to refer them, for tbrse groups represent 
nothing dcliuifcelj determined in tlio plan of crfialio-a ; 
anil though easy Itt be distiiiguidlicd from cacli other in 
the hLghcr liraQchcs?, tLcy become confused tttgctbcr in 
the lower, liko mountain summits which spring from a 
common base, at tlio foot of ■wliIcli ttcy are sill nnited 
togothor. 

On this account, my dear cUild, you will, I am sure, 
excuse mc now anil hciieefortli, from entering iato details 
of all the horrible beasts which swarm in the slinllowa of 
the auitual world, nud whom Ifiaracd men liave in tliclr 
wonderful M-isdom muffled up ia terrible ntxmcs, in order to 
prevent children from coming near them I What would 
you haro thought of the poor little equilla, bo prettily 
baptised by the fishermen, if I had taught you that it 
belonged to the order of StoTtKitopoda ? You will 
scarcely bo able to pronounce the word ; but that is nn 
fault of mine, it is spelt so. 

Wo will coiittnt ourselves, then, with liaYing taken a 
glance at the most clearly marked iudividnaU ; and as I 
said to you JQst now, it is by them that wa will arrange 
onr inventory of the groups. Here, as you may have 
already romarked, instead of continuing to wander from 
tlic original raotlcl whoso gradual deterioration we have 
been following all tliia time from one claas to another, 
it would 8ecm that we are retracing onr steps, and 
regaining aomo portion of the lost ground. Thia is be- 
cause insects, ag I have already stated, are an escejitioual 
case — an. idea apart from the great general plan — a by- 
lane turning off from one side of the great line of ai 
mal creation. 

The crustacean, leas perfectly worked ont than the in- 
sect asanredly, but more regular, foitns, so to speak, th< 



mccling lino betweea that tiny masterpiGce of fancy, 
eo incomploto m its exquisite organisatiou, aud the abape- 
less but better constituted tump of tlic moUusk, wlio 
conceals under liis hoarj^ shell tbo sacred deposit of real 
organs, those wLich wo expect to find always and eTcry- 
■v^Lerc. An iaaect outside, tbougU less refined it is true, 
a inollusk within, the crustacean rominds mo of what 
iimODg us 13 called an aiifaieiir — that mild lover of the 
arts who holds a middle place, aa it were, betweeii the 
artist and the common, citizen. 

I regret that you ore not sit prosent quite ahile to ap- 
prociato ray comparison fully : but put it by, iu rescrTS, 
if possible, in your memory ; you will find out hereaftei 
how ju3t it 13, and it will, perhaps, help to prevent you 
from alwaya setting tho lirely, noisy artiat^ above the 
quiet and ailcnt citiacn. Let this, however, be between 
you and mCr If tbey coald hear us talking, neither 
artiijt nor citizen would forgive me, and the amateur 
still Iffis, 

Moliush. 

Tliere ia one mollusk mjiversally wcU known — namely, 
the oyster — so we will choose him for discussion. To 
look on one's plate at that little mass of soft, compact 
substance, one feels inclined to ask what there can pos- 
sibly bo iu common between it and U3 ; and if yOu wflrO 
to declare that there was not the faintest trace of re- 
semblance between the organization of the oyster and 
oni' own, I should not be surprised. Wiser people tbau 
you have been caught tripping there* not that tbey 
wGro ignorant of the points in which the oj'stcr reseml> 
led HS, but they paid no attention to them. Viewing it 
in other respects, they declared tUatitwaa of aBtnlcluro 
completely diffci-ent to our own ; and that, in tho con- 
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Btruotion of tliis macMiie, tlie Creator liad worked upon 
a, pirticTiiar plao, laid aside afterwards as useless foi 
BiUy otLcr purpose. 

I should like to get hold of one of tbose Academv 
ciaus, wilh thirt^-aix plan:*, and conlbnnJi liim heforo 
you, in proof of liis rclation^bip to tbo oyster, liy ahow- 
JBg you at one sitting tliafc t'lcre is an oj-atcr in lilraself ; 
naj, further, that he is nothing btit ao oyeter, re-riscO, 
amended, aud considerably enl&Vged. And do not in 
agine tliatlam only using a figure of speech here, as the' 
professors of rhetoric call it ; ■which woold be in bad 
taste : I am speaking literally, and to prove the exigteneo 
of the oyster in qnos lion in our Aeadcmician, I shall only 
ask permission to Y-ierform a slight operation upon him. ^i 
YoQ exclaim at this ; but do not alarm yoorself, for it is^H 
only an operation on paper, ho wlil not die from it, Sco ^i 
now, I cut off hia head, hia two arras, and his legs ; I 
take out of hia body the vertebral column and the riba ;■ 
I gently place Trhnt remains between two ghella ; and 
.... there is ray oyster. I willingly admit that it is i 
more carefully elaborated and richer in details than its^f 
sisters ia the oyster beds ; but all t!io principal organs ^* 
arc to be found in them also, and they positiyely are^i 
beings of a similar constrnction : you shall judge fDC-^l 
Y&arself. ^* 

The mouth — for there ia a mouth, though one muat^i 
look closer than the oyBtermen do to diacover it — th^H 
mouth IB exactly what the gullet (oesophagus) would be'^i 
in a man whose head had been cut oiF; that is, a trim- 
eated tube. Then comes the etomach, aitnatcd in the 
very midst of tho liver ; "which latter may easily be dia*' 
tiuguishcd, even by the moat cnrsory glance at luncheon,] 
from its dark color. The intestine also goes right] 
througli the livar, doubling backwards and forwardfj 
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several timos ; an3 i\im tbo digestive tnbc siipi>lics It-^elf' 
witU LilG from tlie cask (to borrow a coraniHrcial esprSH- 
%ion); and thia saves the expense of a bile-duet (choledo- 
cliian canal), wliEeli woulJ be an -uuneccflsary mode of 
■conveyance in tius ca3e. The animal lives in water ; 
Conseqafintlj, iiiatead of lungs ho lias gills : ^ these are 
those tbiii, finciy-streakcd plates wliicli maka a fringe at 
the very edge of the sbell. Finally, oa leaving the gilis 
tie blo-od \a received by an arterial heart, with only one 
venti'iele like that of the crustaceans, in the shape of 
a small jjoar, similar to ours, having an auricle, aad 
an aorta, brauching out so as to distribute the bloatl 
throughout the whole body. And now what do wc lind 
here, let me ask you, in this mutiJated man, reduced to 
the soft porliona of the trunk, wliom I have been imagin- 
ing ? A heart, with its artoriffi ; luugs ; a liver ; nn 
intestine ; a stomach and an cesopbagus : that L? to say, 
merely and simply the orgaoa of nutrition. That is all, 
ir very nearly so. 

As you perceive, then, all the elements of oar own 
feeding-machine lie between the two shells of a molluak ^ 
in a rough state as yet, it ia true ; incomplete, and un- 
ruly ; arf in tiic casc of the iateslinc, for instance, which 
in many of these creatures pa^es witiiout eereBiony 
tlii'ough the heart : but even so they are quite sufSciently 
indicated to prevent tlioir being mistaken. Now tliis 
machine, it is in vain to deny it, is the animal itself ; by- 
it it lives at Jirst,anditis thia which dies in it last. The 
other matter (the locomotive power), important as it may 
seem to ks in higher races, only holds a secondary position 
in reality ; the proof of which is, that here is an animal 
reduced absolutely to a more fecding-macliine, who still 
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lives, ivMUt there yot remaing to be found one wliohaa 
nothing left liut ]iis moveuientrmaehioe, anci who can y<!li 
csist. We cannot disown tliis prlmitivo animal, for we 
Lavo it Tvlthin ourselves ; lost, so to ppcaV, in the miM 
of t]ic acceasory organs which arc snccosaiyelj added to 
it in ]iroporiioii us wo riec in the animal scale, but still 
preserving its own life, its pereonality, if I may use the 
expreegioi). Listen to thif, for licre is a Liatory well 
worth hearing. 

I will Gxplain to you, hereafter, how all the actions 
of the movomcntrmachinG are performed by means of a 
network of ncrvoiia threads (filaments), whose centre o: 
Impulsion IB in tlie brain. How our will acts upou tho 
braiii, and gives i^B■ orders to the jnueclos tlirough the 
nervouB fibres, I will not olfer to explain : it 13 a faet, 
let that sulEco us. You say to your foot, "Forward I" 
ami off it starts ; "Halt!" and it stops. Here is an or- 
gan under command , a servant of the brain, "where wo 
rule ourselves : with or withont ciplanntion, no one will 
over dispute this. Tho oyster, who iias neither head nor 
brain, iias, as his only instrument of action, certain little 
maesK of nervous aubstanco scattered right and left, 
which are oalled rjangliom. These communicatfi with 
eacli otlier and Willi the organs by nervous cordi3, which 
arc interlaced iu all dlrectioTis, without having any com- 
mon centre, and which give the iiiipetM to all parts of 
the animal. 

"Well, the human oyster presents to us exactly the same 
lieiTous organisation. It has ila ganglioua and its nerves 
to itgelf, wjiich are put into comnnmication with th 
brain by some threads strayed among liia own, but which 
are not under i(d orders, and which treat with it on equal 
terms. Tou remember, perhaps, the little republic talked 
about when we first entered tie digtstire tube; yo? 
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aaxe now the esplanatiou of it. Tbia. republic is the 
original auimal ; it 13 tlio feei-liiig-iaachine. I cannot 
describe it, and the kiDgciom of whicli yon are qucea, 
better tlian by compariug tbem to two States having di- 
plomatic Tclationa witL each otlier, wlio escbangc dis- 
patchea and rc<!ipi'Ocal inQtiPncft; ; and as to the iinpor- 
lance of these re^pectiye influence?, if ouo "were to com- 
pare tiiem I scarcely know to wbioh side tbe balance 
:ould incline. 

"We shall retom elsewhere to this detail, one of the 
most intertrstiii^ of oar organisation, and which here 
finds its natural csijlanation. For tbe present I will 
content myself with reminding you that, since tlie earliest 
clays of human civilisation, all philosophcra, all poets, 
and all moralists, whether eacr^ed or profane, have borne 
mtnes3 to that double life TvithiQ us, that inward l>eing, 
blind and deaf, whose disordered impulsea so often carry 
troablG into those higher regions where will and reason 
sit enthroned. Behold hiiai taken in bia lair at last, this 
mjBtorious being. I Lave just unveiled hia origin to 
yon. And here, dear child, I must shelter myself behind 
a profcHsioQ of faith. There will not be wanting people 
to toll 7011 that it is degrading man far too much to look 
BO low for the sources of his organisation, and that tliia 
seutenee— /At? human oyster — whieli cxpresaea my idea 
so woU, is neither more nor losa than blasphemy. Lee 
them talk, bat adopt their opluion only when tliey have 
proved to you tliat man had a special Creator, and that 
tlic oyster came from a diEFereat hand from ourselves. 
I ehould like to know with what face we could venture 
to complain, poor Tcorms that wo are, beeanse it has 
geemed good to our common Father to carry forward in 
Qi Ilia previous creations, and in what respect human 
dignity would snCTor from thia contact with a being who. 
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like UB, is one of the works of God. That human pride 
may saffer thereby, I admit, and I am glad it should ; 
bat if God has included all creation in His love, we may 
well inclado it all in our respect. Whence comes our 
superiority at all, but from tlie gratuitous gifts of Him 
who has made us what wo are ? la it to lose it, then, to 
find ourselves side by sido with inferiors whom the Divine 
benevolence has visited like ourselves? Surely not. 
But enough of the oyster, who has never, that I am 
aware of, heard such strange discussions sounding in liia 
ears before. I have no time nor courage now to speak 
of the other molluaks, who offer more or less the same 
system of organs which I have just described. 1 must 
hasten on to the Worms, who give us the last clue to 
tlie great enigma of the animal machine. 



LETTER XXXIX. 

TEBMES— ZOOPHTTA. {Wonns and Zoophytes). 

Worms. 

The worm of worms, the one you know best, is the 
earthworm : so ho shall have the honor of representing 
his group. 

He will not take much time to describe. He is, in 
brief, a tube, open at both ends, 80 as to allow food to 
come in and go out. That is all. 

I talked to yon before about the ruminanta, those food- 
manufacturers who are employed in cooking victuals for 
the stomach, and in disengaging albumen from the coarse 
materials among which it is apparently lost, so as to 
give it oat again in a more acceptable form. The rumi- 
nant has other workmen under him, whom I keep in 
store for you as the last of the eaters, and who prepare 
the raw material for him. These are the vegetables, 
who seek out the elements of albumen in earth, water, 
and air, those final sources of all alimentation. The 
earthworm also is a preparer, but in a peculiar way. 
Look along the garden-walks in summer-time, after 
rainy weather : you will see here and there, little heaps 
of earth moulded into small sticks, like dough which 
has been passed through a tube.* This is the damp 

* M. Mac^'B acconnt of the earthworm's life seems fonnded oa 
the BBBninptlon that it extracts its nonrtsbment from the earth itaelfj 
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soil whidi tijo worai has passed through hia tutie, after 
pstracliug from It, (luring \Ui passage, the vfirioiw cie- 
menta of icrlility Le rec^uires for the support of Lis life. 
Tliis is wliat umkos him ao pai'licularly fouti of gar(l<'ti 
soil, because it is rii^hcr in auima! and vegotaljlo matter 
than common earth, and proves thcroforo more nourisU' ] 
ing food. The worm, thcuj feeds on the fat of the earth, 
which he converts iuto nzoiiu aliment for the use of 
moles, hens and Chineae. It only figures, it is true, for] 
want of sometbing better, in ChinCHO cookery, so pro- 
fuaely hospitable for all that; but the Len daals upon 
it, and you do not dcspiga it yourself vrhen it comes ^k 
to you in tlic form of n chicken's "wiug, that Boeond trans- 
foniiatioQ of the matter of "Which the soil of your gardpii 
is composed. It is told of certain aavage Iribca, tho 
victims of constant scnrcity, that they swallow little 
balls of clay in order to keep down their hunger; ami 
during' tlic great famines in India the distracted inhab- 
itants Eiay, wc are told, bo scon digging up the bauka 
of the rivcra to feed on the fertile clay inwLich the 
splendid vegetation of their country is developed. This 
h a desperate trial of that primeval Byetem of alimenta- 
tioQ whicli anawors perfectly with the worm, but bo, 
oomea a erucl mockery in the case of nn organiaatiou I 



i. e., £roai inorganic matter, as tegeinHea do, to uaa hia own -worJ* 
But tliia notion Is bo entirely at vaiiaiico with present received oiiln- 
ioDB, and nlBo with the fact that tlie unimikl posaeBBGs & gizzard iwi 
digCHting, aa yff\\ as an inttstiDiil c&aa.I, tLnt it has ttcen neccesar; 
to miLte coDBidcTable altcrationa in tho description. To disniiaB ill 
theoiy of the priroitiTa animnl, etc., iJtojfetlicT, ^as, iiowevcr, im. ' 
possible, witliflut oiniLtliig the wliole cLapter; but at) young' heatls 
B.re nut likely to trouble tliemae'lvca about it, and it is very iniiucenl 
'm itself, it will do no bflim ; aulycct to tliia warning, that M, Mac:-' 
has tukea the eEutbvonn for & more altnply orgacdHed creAtnm thnn 
it really ig.— Tb. 
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as exacting as that oF man. Let na esamiuc a lUtle 
luorR closely, iheo, tiiis wontlerfiil tube. 

At first sight one notices, to begin ■witli, that it is 
composed of perfectly distinct riiigg, all qiiitu alike. In- 
side as well ag out eaeii of tliosu ringa ia an exact repe- 
tition of the other. They are all formed of circular 
loiLscIea, enclosed Lctwccn two coats, wLicli extend from 
one to the otlier. A series of gMgUoas, arranged in 
the form of a ■necklace along' tlie whole length of tlie 
bodj, set in motion the muscular sj'sfcem of tlie riuga. 
each of wliicli poBsceacs its local centre of impulsion. 
Each feeds itself in its place t'om the nourisliing juices 
with whicli it is m contact, the interior coat etjoying 
the double pj-ojterty of distilling digestive juices and 
absorbing digested ones. Tiiese juices paas tlirocgh the 
nmscnlai' partition, and proceed to bathe the outer eoat, 
which plays, at the same time, tlie part of coat and lung, 
and affords a passage to the air through its soft, damp 
surface, like that of gills. From all this results a fine 
red blood, such as we have not met with since wc left 
the reptiles, and wliick is manufactnrcd iu all parts of 
the body at oiicc. 

Each of these rings, then, the worm's only organs, ia 
a Utile eating macliino to and for itself, and at the same 
time a little movement machine also ; in fact, a complete 
animal. Each one co«ld,if nGcesaary, nourish itself and 
live apart ; and this is what he really does. Learn 
hence, to deepise nothing in nature. One tramples an 
earthworm under foot, and there below one's licel lies a 
little revcalor of secrets, whoso organisation throws the 
jiiost uncspeeted light«pononeof the greatest mja-terics 
in our own life. 

I said to you before, and I felt at the time that it was 
rather beyoni you, that " each one of our organs is a 
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distinct Ijeing, ■whicli Laa ils particular uatoi'c nud spa 
cial offi-co, its separate life consequcatly ; and our isdiTi 
dual lifo is the sum total of all these lesser lives, inde- 
pcudent one of the otiici", but wliieh norertiiolesa lileni] 
together, iy a mysterious combination, iuto oua coniinon 
life, ■ffliich ia diffused everywhere, but can he appro 
hcndt?d nowlicre in particular." 

Tiio study of the worm admirably explains this outKjf- 
tlie-way sCDteucc, And licrc observe my adjectlya — my 
oitt-of-tliG-way — for it is a case in poiut. Wo may cull 
it a literary worm ; a worm of four rings, each jicrfod 
in itecir, Wt yot COmpOandcd togotlior Into a whole with 
ila own idea. 

That which muUefi thia idea of lifo moat difficult to 
comprehend ia, that one cannot prove it by a direct os- 
porimcut, Eineo there is not one of onp organs -wlieh 
eould exist separately from tie otliei's. Although inde. 
pendent in their special action, yet these multiplied lives 
are ncverthcle?3 in a state of absolnto and mutual depend- 
ence, from the imperative need they have of oaeh other 
to niaho them act, each having for its share only one par- 
ticular function, the effect of whicli extends to all the 
otheK!. This is called the division of labor; and if 
yooEtill do not understand me clearly, I will explain it 
in anotlior way. The heart sends to all the organs— 
doea it not ?— the blood, without which they could not 
live : separated irom the heart, the lungs would die imme- 
diately. It 13 to the lungs t!io blood goes to find the 
air, without which it could uot maintain life. Separated 
from the lungs, the heart would die immediately. There 
ia nothing belonging to a? which cao avoid the inesora. 
ble TCquireinenta of blood and air ; consequently, there 
U nothing which ean live an isolated life. 

I will borrow a simile from human society whicfa you ■ 
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•will undwstand at oace. In ctvUiscd countries, wlicrfi 
division of laboi-is established, (he tailor makes cloUica, 
the mason makea houses, and tlic baker makes bread. If 
yon could tlirow tliem each a!onft by himself into a wood, 
the mason ivould not be able to dress biaiself, the baker 

■ wonld alecp in the open air, aud the, tailor wonid not 
know how to make bread. Or rather, as not one of 
tlteju can carry on Im trade without the co-operatioa of 

P a multitude of hands, they could none of them do any- 
tiiing' at alL Each completely iudopendGnt iii his work, 

tyet cath dependent vpoix the otliers, both for Uving, and 
even for being able to work, oni' workmen can only aut 
when they remain bound in cloric union with the vast 

» society of which tboy form a part ; and our organs — 
those other laborers whom you have seen working for 
BO long — our organs are just in the same predicament. 

»But in the primitive socictiea, among' savage tribes, 
where each man can make liis clothes, hia bouse, liia 
bread (when he has any), and everything else for him- 
self, you might take audi an iadividoal if you liked, and 
iioparate liim from the icat of the tribe, aod be would 
go on living as before. And bo with the rings of llie 
worm, that primitive society of organs. Each of them 
is a universal workman, who knows how to make every 
thing. Separate Kim from his fellows, it will net dbtturb i 
him at all, and he will go on living as if nothing was 
the matter. 

I still remember somO profound rcflectiona I indulged 
in one day some years ago wliilist leaning ca my spade 
and looking at a worm that I had just cut in two, and 
whose two halves were walking off one on each side. 

"There was only one creature Jiero just now," I said 
to myself, " and now there are twol Have 1 Uad [Hjwcr. 
thon, to create one with a stroke of the Bpa<le7" 
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I bad not tlieu got hold of the tey wliicli I now j^iva 
you, ftud to TOhicii no possiMo objection can be raiaeil 
If there are two beings after tlie stroke of tto spade it is 
because there were two before. Nay, llicro were even 
many more, ifwc nmy trust lo llic "Manual ofZoologj" 
by Milne Edwards, a viii'y good book, excellent for an 
old Bcliolar like myself, and wliicli I liave fomid very 
jseful in my comitry-liojno, as it has enabled tnc to rekto 
do you one after another the mysterious wonders of life. 

\Jq says tbnt, "if ono cuts an earthworm acrosa into 
two, tlirce, ten, or even twenty morsela, each of tiiwe 
morsels will go on living in the same wny as tlie whole, 
and will form a new individual." 

Twenty I that scyma to me a great many, because, zs 
far 03 1 can trust to my brief obacrvationa as a garJeocr. 
it is noccasary that some of the rings should remain 
united together and afford each other mutual support, 
in order to 3ucceed in repairing the bleeding breaches ; 
but I would much rather bcliovo it than try the opera- 
tion. My miad k easy when I am defending the plants 
that I have sown in my garden from the gliittonoto 
worm who would rob them of tlieir food ; but it would 
not be 80 if I were cutting theiu up on my table to leara 
RomctUing about them. 

Beyides, there is no need of an operation to convince 
oneself of the particular Hfo of eac.h ring. There is one 
worm, well known by name at least, though happily not 
to bo met with every day, and that is the tape-worm, 
■who cgtabliahes himself in the intestine of man, and lives 
on the chyme, as the other worm does on g^rdon-tnould. 
Tlicy call him the SoUtafy worm in ITranee ; and if evef 
(me might supposa a creature appropriately named, it 
would surely be Lim ; for certainly thoro ia not much 
laociety to be looked for in the dwelling he chocsea for 
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iinifelfl But it Lappet that thb pretended iditafy 
TT-ann, witli bis nnlimited ch&in of rings, is only a Jong 
Bfovt of perfectly distinct iJeings, so distinct indeed that. 
froiii time to time, some of the rina^ let themselves go, 
^fal! oft like ripe fruit, and go awav to live elsowliore, 
H^dy to liccome the aacleoa of a new set, if a happy ac- 
' cident carries them into oaotbcr iotcstine, the only place 

favorable to their deveiopmeat. 
^B At last, then, beie is a comer of the curtnin Taifxd ; 
Hlero we sec the associated organs which constitute an 
^^ttnimal, living for obcc a life positively and in all rc- 
^pspccts their own. We are now ^tislied about this ; aitd 
Tvlion at anotlier time wa find them bound together in 
the chains of a anion too Jngeiiioas to be severed, with 
^piinpnnity- — which we shall discover by seeing' their action 
" stop at the momcat of separation — we shall know the 
^ cauio. 

^P Do not think, my dear child, that a wretched earth 

worm can prove nothing as regards other crcaturra. 

The worm is the stajting-point of all the organisationa 

which ccnn<3 after liim. Of what is he composed? Of 

a tube which is itself cooiposed of ringg. Wdlf it is 

' upon this very tube that the whole animal machine has 

^pijccD founded: and these rings, aa they espand and 

modify tlicmsclves in a thousand different ways, givo 

^- birth to all those varieties of being- which drive class!- 

^piiers to despair, because tlicy will cot understand that 

there ought only to he one animal, since there is only 

Ono Creator of animals. Now, this animal is a digcs- 

tiTO tabo Ecrved by organs ;. it ia a worm, i.e., which 

goes on constantly embelligliing itself. I said to ycrn 

^^ long agOj and at a time when you scarcely know nuy thing, 

^B " Have you ever observed a worm or o leech in motion ? 

Ton see a successive ewelHng up of Ibn - ' '~ eDiface 



3S0 



WOBUS. 



of itfl boily na the ci'eaturo gradaally pushes forwaidnl 
if thorc was ecractliing in its inside rolling along from 
the tail to tho head. Such is precisely ttio appearance 
wlii:b Ilia cesoplmgiis would presont to yoci aa the food 
passes Jown it, if you Iiail Kic opportimity of sreing il 
itk action ; and tliis has been culled the vmtiLieular 
movement, in consoqaence of ita Tcaerablance to the move- 
mcnt of a woraj." 

And aftcrwarde, in speaking of tlie intestine : 

" If youi' body were mndo of glass, bo titat you could 
look tbrougb it to watch tho intcstifle at worlSt it ivouW 
appear to you like an eaorraons worm, coiloil np into a 
bmidle, ticaviug and moving wilb nil its rings at once." 

You have now got hold of tlic secret, iiamelj, tliat 
from the beginmng to the end of tlio digeativc tube, ili 
movements arc those of a worm. What a wonder 1 and 
that the worm is a digcstivu tube which cau walk. This 
Tform, Or thia tube, wbichovfir you please to call it, has 
never ccascd crawling Under our eyes eincc wc began 
this study. Lost sight of in man in tbo midst o£ th* 
riches lie has pieked up on bis road, invisible and coiled 
baclcworil and forward in his palace like nn Eastern 
despot who loaves everything to bo done by bis slaves ; 
behold liim here in hia lirat stage naked, shivering in 
the air, forced to go off himself and alone to bis pasture- 
ground! But in tho coarso earth with which he fills 
hiraaelf I can already bco the delicate chyme which hia 
TiTinierous scrvunta will prepare for bim later on, onil 
into which tho heart-treo will one day send down ita , 
roots — the chyliferous vcssela. 

A short time ago I called tho oyster the primitive am-' 
mal, bat I was in too great a barry. The worm is the-] 
real primitive animal. He is to be found in the oyster, 
BB the oyster is to b3 found in us ; and that poor littlo'' 
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beast is, by comparisOE, aa auimat of Iilgli pretension, 
wbo would bo shocked, I aoi sore, if ha could uuderslinid 
what WB arc saying, and heard ua assert that lie is noth- 
ing but an embellished worio. 

Two centuries ago it was believed that below the 
worm, animal lil'o, properly bo ea.llcd, coaaed, and the 
crealurea whom I am about to introduce you to were 
supposed to bo animatecl plants ratiicr than linng orgau- 
isma, ITcncc tlicir name was especially chosen to ex- 
press that double natcrc by which tlicy were thought 
to have a share iu two kingdoms at one time — rfz., the 
animal and vej;* table — snoii.m Greek meaning animal, 
and -pladon a plant. Zoophytes were set down as ani- 
mal plants. 

Add although later dfecoveries liaro long ag^ estab- 
lished the fact of the coraplote animatity. of zoophytes, 
the old name la still in general use. But you must 
iiot let it deceive you. Hoopliyto are aiiiiuals every 
inch, of thera, however low in the organic scale, aud 
although many of the compound on&s imitatti the growth 
of plants and shrubs so exactly in their mode of apread- 
ing that it is only liy the cloacst observation wc can 
poraoadc ourselveg- they do not belong' io the vegetable 
kingdom. Of these there are the delieiite huff-colored, 
pretlily-brancLed, horny specimens found on the shore, 
which make so beautiful a variety in seaweed pictures 
among the red and green colors of the real seaweed ; 
but of these also arc those wonderful stony shrubs which 
grow on the submerged rocka of ialatids in warms scaa, 
and the material which you knew so well Ijy the 
name of eoral— tiie very coral of whieh the necklacea 
and lljraeelets in the jewoller'a window •"■■" """iDOse<il 
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In all cases uf cunipouod zoopliytes, Lowever, tliere ie 
one great point wliicli they have in common with tlie 
worm, viz., that thero is an association of dialinct lives 
acting unammouslj ; or, raUicr, to the same end. Plaiiilj 
as t-hia 13 seen in tbe worm, it is still more olrlous in 
the zoophyte. There ia no need here either of catting 
them up yourself or of taking othGr people's di^secling 
operations upon trust. It is enough to use your eyes, 
with tho help, it ie true, now and then, of the micro- 
Bcopo'fl clearer night. 

Yoii know tho old oak-treo which ataiids ou the oll^ 
ekirta of the \yood, and is called among tho conntrjj 
folk iha patriarch ? Now, this ia clearly not an indivi- 
dual, bat a nation. It is not a tree ; it is a forest. Nayi 
may I not call it a Kreen field? Tor this trunk, eoj 
truly venerable from agRJ of growth th.it one fccla iu- 
clincd to bow to it as ono goes by, is, in fact, a collec- 
tion of str-uctm-cfl, ncciimiilated by countless goneratioas 
of fleeting herbs, 'I.e., leaves, not one of which lias 
lived for the apace of a whole your round. Every 
spring some thousands and thonsanda of bnda open to] 
the &un ; each one, therefore, affording a passage to a i 
little green point ; and this point is an oak, who comca 
into the world, like tho first oak, tlic grandfather who 
formerly came forth from nn aeora, under tho form of 
an herb or lender leaf, which a sheep might have 
browsed upon. Yet it is so thoroughly an oak, that 
you have only to take out tho bud carefally before it has 
expanded and fasten it into another one'a place upon a 
tree of the same family, though of a different apociea,] 
and it will produc<5 an oak of the saino sort as ita old 
companions, and which will, aa it progresses, look quitO 
a stranger among the indigenous bi-anchra. TJiig is iJie 
secret of what the gardeners call graftiug, and I &dTi?a 
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fon to try the operation upon rose-trees, for notliing ia 
[moro amusing. Whra tbe autiimnal frosls set in, all 
|tliGs6 troops of new littlo oaka die, and deliver up their 
■■ leaves to the wind ; but the/ leavo bcliind, as tlioir 
\ sumnior's work, a. liny morsol of new wood, upon wbich, 
H-if you look carefully, you will see a fresh hud dawDinfj 
" — t!ie hope of the cotning sca'^on. Aud thus tho great 
» life of the tree is perpetuated [fom century to century hy 
Han uninterrupted succession of ti'anaient lives, reminding 
^ one in all rwpecta of the life of a nation ; and tho simili- 
tude is eomplete in tho evergreen trees, where the new 
loaf mateg its appearance before the old one haa qnlttcd 

»tho stem. 
And such is tho life of tlio groat atone trees and sIituIm 
of various kinds which grow under tropical seas, and 
whose makers and iubabitanta are tho coral polyps, tlio 
^ undoubted heads of the Zoophyte race. 
B Bat before con&ideriug llio polijpldom, or external 
■ dwelling (otherwise called the ccsn'^cUwi, ov "cominoa 
1^ hon^e"), you must learn sometliing of ita originator, tlio 
Miilfi polyp, who lives inside, and belongs to a family so 
widely spread over the faeo of tho eartli, that therii are 

tecarcely any waters, whether salt or fresh, without them. 
Ia your own neighborhood, if you know how to look 
for tlicm, arc to be found on the banks of ponds, or along 

»tlic borders of fita'ca.i«3 which lie sleeping in roadsido 
ditobcs, extraordinary beinga which, a httlldrcd ycara 
and more ago, completely bewildered the good Dutch 
naturalist Trcmblcy.-who had taken it into his licad to 
study them. Picture to yourt^elf some veiy tiny baga 
made of a kind of jelly ; gray, lirown, or, most commonly 
of all, green in color ilways transparent, and fastened 
by their ha^e to the stalks of m/vcc, water-lentils, or tho 
confervas, wliicli grow in still water. A hunter on the 
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■Wiitcli, tliis bag alioofe out on nil sidfie' n LTimber oE 
slender tlireada, like so many wliip-lasUes, arranged 
witbiQ a circle round the odgo of its opening or month ; 

[Liid witii tlicse wlii[>]ii9!i(H all tho animal culra wliich' 
come wjtUiQ reach arc enlwincd, atilledj a.ad carried ^i 
away to t!io oyer-yawning little gulf, whero they are di>^H 
gfflted in lcs3 tlian no time. Wliatevcr will not di^esl^^ 
cornea out afterwanla hy llic way it went in. OF wbat.^1 
becomes of tho results of this digtetion it is imiiosstbl^^l 
to form an idea. Were you to cut up the bag and put^* 
liUlo mopflola of it under tie beat mieroscopo possible, 
you vrould 9G0 poeitively nothing but solid jelly, withont 
tlie least sign of any organisation whatever. Bat tins 
u not alE. Replace these morsela iu the water, and^j 
como back to look at them at the end of five, twenty, o^H 
thirty hours, Eac-h one of them will havo become a per-" 
feet ba^, rcndy to multiply itself afresh ifyou submit it, 
l-o the same operation. Sometimes, on sotiic psrt of 
original bag, there suddenly appears a litthj raised spot 
like that whieli e:imo ou your baby broth(!r's arm thoj 
other day after ho had been vaccinated. What wouli 
you liaye aaid, if this ugly spot had grown larger anfl' 
larger without stopping ; if it bad assnincd lc,[js, annB, 
nnd a bead, and so become another baby, growing from 
the arm of the Orst one ? Yet this id just what tho B\)oi& 
do which como on tlio bag I have booa -telliny; you of; 
and people have come across bags of a larger species 
Btill — ^between one and two inches in ei-ze, in fict — wllich 
in this way carried twelve young oiios on their backs, if, 
one is allowed to talk of stomachs baviug hacks. Te 
perceive at once that this conimencemont of animal life" 
is not even a digestive tube, and that nothing in it can 
'>c found but aBtomacli, opening straight to tlie air above 
and closed np below. 
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It was Riuaumor, tlic originator of tiic famous tlier- 
momctcr, who gave a name to the wond&rfiil bags dis- 
covered by Trembley. Aristotle Lad previously bestowed 
the title o^polijpua (many feet) upon a mollusk outwardly 
fonoed upon a BimSlar model*^ witli'Iarge wliijs disposed 
regularly ia a rircle round the mouth, and intended for 
a similar nac, only tliat tlicy liavc another function be- 
Bidcs ; that of carrying tlio body along in the capacity 
of feet by clinging on to tlio rocks -ffltli tlieir suckers as 
they go. Reanmur transferred this name to tho new- 
corners, and ealled theai fresh-water polyps, to the inli- 
nite amusement of Voltaire, who had declared that they 
were only blades of grass ; a new proof, among many 
otliers, that in natural liistory all the intellect 3a tho 
wor'ld is not "worth a pair of good cyea. 

But it wag soon found out that, in collecting these bita 
of living jetly near the Hague, Trembley had laid his 
hands on littlo beings of iramenso importance on tho 
surface of the globe, and that ho had diaeovercd undor 
ala microscope tbe explanation of a mystery which had 
spread itself, setting human science at defiance, 07er 
Bomc tiiousonda of square miles. 

I talked to you just now of tho jeweller's coral, of 
■which omamentg so becoming to dark-haired people are 
made. That ia one of the stony polypidoms I spotto of 
as stonQ trees found at the bottom of the sea, where it 
growa attached to the rocks in the form of a eharming- 
little shrub, stretching its red branelie^i in all directions. 
The Greeks, who were never at a loss, relate that Per- 
eeas ono day laid down upon tho Boa«horo tho famous 
head of Medusa, the sight of which had the property of 

* Thte ie th(! ctittl^-fiali, callixl polypus by old naturaliats. W» 
shftll Bpnok of it fully hereafter In tlie liiatory of tlio mtrrenieDt 
niMlilne. 
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toruiDg crcrythlag to stone, uud that the 717111;^ 
?port, i5howc-d it to the cor&l shruba ; a facLwbicliPS- 
[ilainod OTCrything- quite Batiirally. Witliout exactly 
liolding tltU iiij tliological explanation, moileru philoso- 
plicra had not got nmch further, and coral was stiU u 
puzzlo to thpm, which tliey were not fond of troul<lin[; 
tU(;inBclTefl about ; till, rouaod by TrCmbley's revclalionf!, 
they cxaminuJ it taoro carci'ullj, and discovered in st3 
eoft cstrcmitiosi (hitherto noEOticed) those same living 
jolly-bag;B or sacs, with their circlets of legSf or rallior 
arnia, charged with supplying them with food. These 
wei-e marine polyps, whicli grow, like those in fresh 
water, one upon another, but each in its own crusty cell ; 
and lilce the buds of the oalt, these bnda of the stony tree 
form each ita special deposit, whicli it bf-qucaths in dying 
to the peneral mass. In abort, as the tcnclcr shoot of 
the oak is fiUod by degrees with tlie wood which forms 
within it, and hardens into a branch, that goes on in- 
creasing by perpetually new growths, bo 1.hc jelly polyp 
of ttiG polypidoin hardens below inlu slonc and dies 
inceeeantly at the bafie, while it livea on indeliMitelj 
above in ita constantly-renflwed summit. 

Do not get tired of all this iihantasajagoria, my d 
pupil; it 19 a mattoi- of the highost iotorst Here is 
the point of junction — the bond, as it were, between 
the three Idngdoms : an animal growing vegetable-wise 
produces a mineral mass, extracted from the waters of 
the sea by an infinity of little living crucibles, who carry 
on under our cyea the work begun in the fii-st ages of 
tlie globe, and quietly manufacture continenta for the use 
of future genoratious. This ought to consoic you, my 
dear cIulJ, for being little. It is by little tilings llial 
God loves to offeet what is truly great. He did not 
se&k out the elephant or the whale to form these worlds * 
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He choac workmen no bigger than a pin's Iiead. I hava 
Bpolien to yon about jewdler'e coral, which ia made into 
toya or presents for lailicd to adorn thenisehca with , 
bat its brethren, the madroporcs of the Pacific Ocean, 
play a very cliff(;reiit part. They have formed in front 
of the eliores of New Holland a barrior of recfa three 
liundred leagues in extent and twenty wide. Wliat are 
all oiu- buildings after this?— those pyramids and cathe- 
drals whicli seem so gigantic to m ? Thia cver-increas* 
iiig wave of coral polypidoms will one day shut againat 
navigatora the entrance (o one pnrt of the sea'a tropical 
region ; and lantls not to be found on tiic map to-day 
will tlicn IJQ stretched out under the sua, covered with 
plants and aninialg ; and this io places where Bliips now 
ptougti the ocean. Know, aUo, that a great portion of 
the soil which wo tread under foot has no other origin. 
It was manufactured formerly iu the sea by infinite 
myriada of beingi?, often infinitely smali. Each one, 
wLctlicr polype or sliclE, produced Us grain of stone, and 
from all those graiiia God, tvIio directed their irorlc, ban 
mode oar country. 

I3utltia time to bring this chattering to a close, for 
it will never end if I do not force mj-self to stop, I leave 
it with regret ; but all these paths tliroagh which I have 
threaded my way one after another wUhout counting 
them, have already made a volume winch may poasildy 
be considered too large for you. TLerc are many other 
zoophytes besides the coral polypes, and all of them 
beaatifnl and curious. Thoy all inhabit tlie fertile 
depths of the waters where God has deposited ilie first 
germs of life. I cannot describe them to you uow. But 
to male amends, I will give yon a piece of advice whicli 
"Will pcrliaiis maho some people stare. Ask your papa 
to lend you Michelet'si book, T/it) Sea, oiid look tbcro 
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for what is eaid about the mysterioas animals whicli lie 
hid beneath the waves. His book was not writtfin for 
you as this one is : and if, in spite of all my good inten- 
tions, I have not always succeeded in being as compre- 
hensible as I meant to be, Michelet, who never thought 
about little people when he took ap his pen, will ce^ 
tainly startle you now and then. Bat do not be dia- 
heartcned by a word. You will find there, that which 
will be forever plain to you, the poesy of nature, and 
children comprchoad that better than learned men. 
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One mort- word before we part about tlio last of thu 
eaters, atout ViJgetablea. They will furnish jou with a 
uew aud \Qiy olearlj marked proof of the uaiformity of 
the fiindamentiil conditions to which the Author of life 
has subjectGd all organised beings. 

Let us look once more at this oak, of whose nuanncr 
of growth I was obliged to give you. a sketch, before- 
hand, in order to nliow you the tics wliidi unite it with 
its iiamcdiato nciji^hbors in the animal kingdom. How 
doc3 it feed? I need not tell jou thia. It fecda by ita 
roots, wliicli suck up in the bosom of the earth the water 
charged wHh the juices which form its noarishmeiit. 
Are you aware tliat every targe branch had it3 eubtcp- 
rancan follow op representative, and that the annual 
shoot at the top of tlie tree is reproduced at the base by 
frwh flbrca, which extend themselves in the soil of tho 
earth, in proportion as tlieir sistera above make their 
way in the air? And thus, by means of organs over 
young, tho life and progress of thO great association is 
kept up, while those members whose day of work is over 
BtiU remain tliere as the supports of the edifice. It is 
tlie same with human societies. They are auataiued by 
what IB oldj but they live and progress only by what is 
young. The sap, then, wliich is the namo given to the 
moistnro or water sucked in by the young roots, having 
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onco got into the cells of wLicli the tissue of thc 'fibrra 
is composed, posses from, oue to another, and travels 
thus to ihe top of the tree, wlicro it is wanted by the 
leaves. 

Tbcrc ia no obvioua machincrj- lierc, Lowcver, to imp 
it forward. It joumeya on of itself, as it were, under 
flio aclion of la^rs ■wlilcU have never been satisfaetorily 
esplaieed, but all of whJoU arc dependent on the Tital 
force or life-power of the tree, inasmuefci aa without it 
there is no elrcalation. One agent, bat hy no meana 
the principal, or it would act as well in a dead tree as 
a living one, is caj»'li'iri/ nUraction ,* and, if you wish fo 
know what tliat is, you have only to think of what hap- 
pens to a towel, if you Lang it upou a peg, and leave 
the cod of it soaking in water. Does not the "wot" 
seem to climb up it thread by thread, till it is damp 
from on^e end to tlio other? A little in tliiB way — but 
those similes are very imperfect, and will not bear close 
application — the sap rtseg in a tree, stealing up bratic 
by branch ; and it is then callBd tucendaig sap.* 

It arrives at la-st at tho leaves, which it entera as on 
food enters our stomaeliB, and for the Bame purpose ; for 
in them takes place, as in all tfuc stomachs, that proce 



* M. 3ftic6 SpdftJtS of tliia Bfl.p &fl tlio MotA of t?us tne, and of tlia 
toavcH onijaa lungs. Tlieso atatemcnta liftvo been modified so aa i 
meet tlio fact tLat atcending mtp conslats of, aad coaveya Ihn ntll 
eleniGata ftif/iwiJ ti>,ilie leaves; tk&t in tLe le&vcs this food ia fJi^o^jA 
aa tvoU ILB broaglit in contact vdih tho uir, and tlint it ia ihns coH' 
vetted into tliat nocrUhiDfr fluid, tlio daceitdtnj sap, which certainly 
plays tho part o( atewird to the tree as our blood doca to ue, aud 
tliartJoro riQy nnw bo culled the blood of t!»a troe. It must 1« ro- 
uiemhcrecE, however, that each truo luiB its own sort of eteward, aa 
the caso of the Euphorbia (qiidted aftutwardB) plainly shows. Tiio 
analogy with tho more general enbstancQ of hlood ia therefoia not 
very complete, — Tit. 
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of digcatioii by ivhich tbc elements of the crude sap-food 
arc decomposed from tlicir first condition, and converted 
inlo a nourishing chyle ; in eacli troe of a sort " after ita 
kind." 

But more than this. Like the outer coat of the earth- 
worm, the coat of the leaf affords a passage to air and 
moisture through ila anrface ; and hei"e,"ther«rore, takta 
place that mysteriong escLango which is everywhere the 
CBseiitial condition of life. Here is the charcoal-market 
as before, only the bargainers Lave changed parts. The 
air, which in the oibcr case received the carkin, deliveig 
it np, now, and receives oxygen in cschaage ; exactly 
the rcTersc of its traffic with animals. In other words, 
the tree inhales through its leaves the carboaic acid gas 
thrown into the atmospLero by our lungs. On itg own 
responsibility itbrealcs through tho alliance between the 
carbon and oxygen contracted In our organs ; keeps the 
carbon for ita own nae, to restore ib to us another day 
under the form of wood, or, by the aid of the charcoal- 
burnca", in the pui-e and simple state of chorcfia! ; and 
sots a.t liberty the oxygen, which once more goes off ia 
search of new lungs and a fresh alliance. Thus a con- 
atant equilibrium is maintained in the atmosphere j and 
thug, by a Bystem of perpetaal rotation or everlasting 
merry-go-round, tho same substances serve, indefinitely, 
to support life of every opposite description. 

Now there are two tilings to be remembered ia thia 
inverted rrapiration of vegetables. In tlie first place, it 
occui-3 only in the parts which are ffreen. Flowers, fruit, 
the root, and every part of any Other color, do as wo do 
when we breathe; i, e. deprive the air of ila oxygen, 
eliarging it with carbonic acid instead. For wliieh 
reason, by-tho-by, we ought not to keep flowers in a bed 
room at iiight. Cliarming as they are, they are poiscmera, 
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fiml a lieadaclio is what wo may fairly expect after Bleep 
ing shut in with tliera in tlie same room. 1 1 ia almoal: aa 
bad to allow green bocghs to romnin there eitlicr, for, 
in tlie dark, even tlie green parts cease to purify the a.ir, 
and be{jin like the otUcra to manufacture carbonic acif], 
at tlie expense of course of their tarbon, which tkos Ijy 
degrees is uacd iip. Now, aa it ia the carbon which coo- 
stttulcs tlie Bolid librcs of plauta aiitl produced their 
green color, they soon become yellow and limp when de- 
prived of light. YOH may, perhaps, liavo wondei-eS 
why the gardener amused hiraaelf with finiothcriog hia^ 
poor lettuces by tying them up at top liko a knot 
"back hair," inatoad of lotting them grow freely in tUo' 
air and sunahine. It ia, my dear, to make tlicin more 
tender and delicate for you to cat ; and those beantiliil, 
crisp, yellow leaTcs, s<i delicious to the tooth, would 
have been green and tough, bad thoy not slowly aai 
quietly let oat a groat portion of tlieir store of carlMB 
in darkneeg during the last few days, before being 
gathered. Even without playing the gardener, you may 
assure youraelf of "Jna fact in a atill more simple man- 
ner. Put a Hat tioard upon the lawn and leave it there 
for tliree days ; then take it up a^ain, and you will find 
juat where the board has prevented the light from reach- 
ing the grasa, a yellow mark so diatlnctly traced aa t<^^l 
be Bcon from the other end of tlic garden. ^B 

But to return to the sap, which we left undergoing a 
change from air and solar influences in Hio leaves. The 
necending sap waa. to all appearance only clear water. 
"When it retm-ns from tho leaves, obarged with carbon, 
it 13 a thick juice having almost the consistency, and 
sometimes evn the color of milk, and is possessed of 
properties altogether new. Tho most striking example 
that I can give you of the diEference of tliotwo statca 
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Bap is the Huplioi'tia of the Canary LslaDda, whose A'v 
gestivo or descending sap is a violent poison. When 
the aatii'GS of tto oountiy are accideatally pressed by 
thirst, ttey carefully remove; tlic bark in which the fatal 
juico circulates, and are then able to relreah themselTea 
aafelj by auckiug tLe stem, which yields only the watery 
nap eiickcd from the ground^ and aa yet unaltered and 
hatmlcsg, 

Each of thCBO two saps, in fact, haa its path diatiaetly 
traced for it : the Erst rises tbTough the wood, the second 
descends through the barit, whence it is called dfscending 
Bap. If you wish to satisfy yourself of this, fasten a rather 
tight Icnot of pact-thread ronnd a yonng branch, and 
after a time yoa ^ill sec it pine below the knot and be- 
come swollen above it, an unanawcrabic proof that the 
nutritivB juices flowed downward through the bark ; for 
tbe wood inside the branch will have been umDJnred by 
the strangling prc^urc. Eemorabcr thia, my dcar.wlicu 
yon are playing in tho gariloQ, and do not injure the 
bark of the young trees yoar father likes so much to seo 
flourishing. It ia by the bark that tlicy arc nourished, 
and you miglit even kill them by treating it too 
roughly. 

And now I must show yon how the nntritioa is carried 
on, or, if you like better, how the tree grows by mcana 
of this descending sap. Sec: hero ia a fir tree, which 
has just been cut down to the gromid. Now, if you like, 
I will tell you in a moment how old it ia. I will even 
tell you the age of every branch, little and big ones 
both, witliout making a mistake in a single year; and 

Jyou know as well as I do that I am no conjuror. You 
FCC these small circles so delicately drawn, aa it were, 

fnpon tho face of the sawn trunk, each wider than the 
last, 0.3 if they wero composed of a set of lubea, of un- 
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equal eizos, fitting exactly into cacU other. Wow couiil 
tfiom ; and you will perhaps find twcnty-flve ; and as 
oadi of these circles represciite the work of one year, yon 
will know that the tree is twcaty-five years ohl. In 
eprint);, when Uie sap begins to moYC more briakly, it de- 
jwsila everywhere betTTcen the wood aud the bark, from 
the trunk to the farthest boughH of the tree, a unifona 
layer of a thick liquid, which moulds ilaelf exactly upoQ 
the wood already formed. This layer etiUeiiB during tlia 
year ; it gets filled with tho carbon left in it atom aftei 
atom, by each drop of the descending sap as it goes by, 
and thus iasenaibly becoming or^uiaod and hardened. 
When winter arrivCa to interrupt the work, it will have 
forraod two ligneous, i. e, woody Itiycrs, aa tliey are called. 
Of these, one belongs to the wood, and will ncrer moT5 
again so long as the tree laata, for it will bo covered 
over, and as it were buried, by tlio BuecesaiTe layers yet 
to come ; while, on tlie contrary, the other (layer) be- 
longa to the bark, and is doomed to And itself perpetually 
forced outwards by tho frcah layers, which will after a 
while insinuate themselves between it and the wood. 

It is for this reason that the bark of old trunks of trcM 
13 so deeply furrowed, and tliat tho dry scales maybe 
picked off tho surface without the slightest injury to tlfl 
tree. It 13 part of the original bark, dead long ago. 
Tho old wood also is dead inside, and even when it ia 
altogether gone, the glad youthful branches growing 
green in the saiishine will scarcely find it out ! This ac- 
counts for those oaks which time has hollowed without 
destroying, as tho&e of Alloiiville in Normandy, in. 
which mass is said, and which is moreover tho greenest 
tree in tho country. But without going so far, who has 
not seen those hollow old willowa, aometimea pierced 
with holes letting ia daylight, yet proudly crowned 
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above ly a forest of young bougSis, aa green and full of 
vigor as if the tnmk wero still in its prime ? What waa 
dead has departed, bat all that lias life in it remaina, 
and that is cnougli for tbe tree. 

Need I add that the descending eap, this steward of 
tlie vegetalilc, liag also Im ivorkmen. to supply with 
materials, as in our case, and that lie is alwajg falling 
in on Ms road with organs, all of which want different 
thingH from him ? That here a flower has to bo formed, 
there a frnit, there a leaf, or a bit of wood, and bo on : 
and that a myaterioas intelligence — tbe same that we 
have fonnd everywhere else — presides over all these 
varied constrnctions, tlic materials for which are mixed 
together pell-mell, in tbe imperceptible thread of eap 
which oQzes from the leaf to the bark ? I recollect jnat 
as I am about to conclade, my doar child, that I omo told 
yon, you were a small temple in, which God perpetually 
attests His presence, by a permanent miracle. You may 
now h-cu-ceforth look upon a tree as something more than 
a bit of wood, yielding a pleasant shade. God is in it 
■Iso. 
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And noTP- my dear little pupil, to what c&ncluaion dc 
■we come from all tliia ? To that wliich I announced to 
yon troDi the first. Throughout the length and trcadtli 
of creation, fi-ocii tlie higlieat to the lowoat grade, every ^ 
living tiling isBiibJGct to thaBame law. Ererythingeate, | 
and eats nearly in the aame manner, since everywhore] 
the same substances furnisli the feast. I laid down in 
my first letter that our feeding machine was reproducei 
even to tho fartheet limits of the auimat kingdom, 
though aIwa>-3 becomtug more eimplo as the species' 
descends in the scale. And afterwards, where wo b«giiii 
the study of animals, I told you that in this machine lay 
tlio uniformity of tlicir construction. "Waa I not right? 
and what could I add to all the proofs which have devel* 
opod themaelTffl one after another, to eatabliah the facti 
of this uniformity of plan in the animal machine, in all 
its CBsentlal poiutri? And it will be to the laatlag 
renown of the Illustrious Gcoffroy St. Hilairo that it 
wag, in the face of all the Academios and under the fire^ 
of very loarnod indignation, he proclaimed thia truth, 
which one cannot lose sight of without losing one's way 
in a crowd of arbitrary fancies. 

I return, then, to the definition which I gave yoa in 
speaking of the worm, and which ia the final woid olj 
tbo idea.; I have Ijoen endeavoring to make you ^nde^ 
atand. An animal is a digestive titbe acrtM by organs, 
(308) 
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Tn the first place it must cat, and for this tberofore tlia 
Creator provided first. AH the rest came afterwards in 
order to enable it to eat more readily, to sccuro its 
prey more easily, and to make the moat of it when eaten. 
TLe moTCment machine, therefore, whose history I have 
promised yon, ia only an assistant, and not the principal 
feature of the organisation, and it is not by it, therefore, 
that the question can be decided, whether God has made 
three, four, or iivc aniinala, or whether he has only made 
one. 

Add now, my dear little pii[)ii, I will bid yoa adieu, or 
rather eay m the French do, " Au revoir," which means 
" Good-bye till we meet again," begging you to excuse 
any awkward expressions that may have escaped me, as 
also my having now and then talked about thin^ be- 
canae they have interested me, without perhaps suffi- 
ciently considering whether they miglit have an equal 
interest for jon. Yet, white the pen is still in my hand, 
I ■will not leave von my concluding definition of an ani- 
mal without adding a word of explanation. Too know 
nothing about such matters yourself, bat to some people 
my words might hare the air of a parody upon another 
definition, applied by those grave gentlemen the Philoao- 
phera to ma-u, whom they hare deaomitiatcd An. intelli- 
gence served by organs. My definition is applicable only 
to the animal, and not to man, observe. Man in the 
natural, physical machinery of his body, is very decid- 
edly an animal ; yet as certainly is ho, by the divine 
reflection which sliiues within him, something much mora 
and gieatcr; but whni,m so far beyond the reacli of 
definition that 1 ehall not attempt to give yoa one. 
" Man," aa Jesus Christ has said, " lives not by bread 
alone, but by every word that procoedeth out of tlae 
mouth of God." What it is that ia nourished in aa by 



398 coNCLnsiON. 

tbat word, is precisely what I cannot attempt to define 
for you ; yet I think you have understood my meaning. 
Go, then, and eat your food in peace, like the pretty 
little animal that yon are ; but do not forget to nourish 
also the other part of your being ; that indeed which is 
of the most importance, and which enables you to ascend 
to your Creator. 



IBOft BUS. 



POSTSCRIPT, 



In going through the preceding pages (Part II.) with 

a comparative anatomist, it became evideafc that Bomfi 

ew popular and other errors and miscouccptious had 

2Fept into this portion of M. Mace'a usually clear and 

nccTtrate wort. 

Natiirallj it was not in his power to Terify all the 
atatemenia he had to make on so maay and such varied 
Butjccts, and Le appears occasionally lo have trusted to 
works of old-fashioned or doubtful autliority. 

In these cases I have coasidcrcil it desirable to make 
Each corrections ag should secure the trustwortliiuras of 
the descriptions as far as they pretend to go. 

It would not, however, have bcou in my power to ac- 
eompliah this, but for the kind and cEcient aid I lave 
received from a scientific student of theao Bubjecta j and 
r am glad of this opportunity of acknowledging how 
much I am indebted to him for hia assistance in making 
the necessary alterationa, as well as for confirming tha 
correctneaa of the greater portion of the work. 



Jummry, 1865. 
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fipriciicos, ObsciTniions, anil StudieB in Ja^im, 1870-1874. Bj 
W. E. GniFFiA. Copioiialy llluslrateil. 6to, Cloth, t4 OO; 
U»lf Coir, $6 25. 

SMILES'S lUSTOny OF THE HUGUENOTS. The Hugne- 
noH! their SottlctncntB, Cliitreliosi, mid Indiisiries in £af>taiiil 
und Ifcinnd. By Samogt. Smiles. Willi an Appendix relating 
to lli-o lIugiiDnois ill Amoricn, Crown Svo, Cloili, $3 00. 

SMILES'S HL'GUE.VOTR AFTER THE UEVOCATIOS. The 
Iliiguciiota in Fmiico attet the UuTocution of the EOicI of 
Kniitoa ; witli » Visit lo iho Coiintrr of iLio Vaudois Sy SaM' 
UBL Smiles. Crown 8vo, Cloih, $3 00. 

SMILES'S LIFF, OF THE STEPIIENSOSS. TLo Lifo of 

Gcor£c Stoplien^on, nni of his Son, Bohert Siepliensoo; com' 
prisiDg, nleo, n Historf of the InrentioQ and Introduction of 
the Rnilwar Loconioiiire. B/ Samdel £miij:s- Clastrated. 
«TO. Cloth, "$3 00. 

KAWUSSON'S MANUAL OF ANCIENT HISTOBT. A 
Manual of Anci«ut History, from the Enrliesc Times to tli^ 
Fall of tlie Weateni Empire. Comprising ilie nislorr of Cbal* 
dflja, Asisjria, Media, Babijlonia, Lyciin. Phcenicin, Sma, Jn- 
diGn, Egypt, Caitlinge, Persia, Greece. MncedoDia. PariLia, and 
Rome. B; Gkobgk Rawusbok, M,A. I2a)o, Clolli, fl 25. 

SniWElNFURTirS HEAIIT OF AFRICA. The Heart «f 
Africtv. Tiiie« Yean' Travds nnd Adsenturea in Oie Cstx- 
plorcdKe^ionsflf ilio Centre of Afnta—fram 1668 i«187t. Bj 
Dr. GfioKO ScBtrsisctnicu. TrtLnskled ly Ellkw E, Fbzwsb. 
With an latroduclion lijr W. WunrooD Reads. Dlnstnted. 
a -rob., fixo. Cloth, $8 00. 
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